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FOREWORD 


The  tests  reported  herein  were  conducted  in  furtherance  of  Depart¬ 
ment  of  the  Army  Research  and  Development  Project  1-V-0-21701-A-046, 
"Trafficability  and  Mobility  Research,"  Task  1-V-0-21701-A-046-02, 

"Surface  Mobility."  This  project  is  conducted  under  the  sponsorship  and 
guidance  of  the  Directorate  of  Research  and  Development,  U.  S.  Army 
Materiel  Command. 

Tests  were  conducted  in  the  vicinity  of  Vicksburg,  Mississippi, 
during  January  and  February  1963 >  and  at  Ft.  Eustis,  Ft.  Lee,  and  Camp 
Pendleton,  Virginia,  during  February  and  March  19 6?. 

Acknowledgement  is  made  to  the  U.  S.  Army  transportation  Board, 

Ft.  Eustis,  Virginia,  for  its  cooperation  and  procurement  of  test  vehicles 
used  during  the  Virginia  test  program. 

The  study  was  conducted  by  personnel  of  the  Soil-Vehicle  Studies 
(SVS)  Section,  Vehicle  Studies  Branch  (VSB),  Mobility  and  Environmental 
(M&E)  Division,  U.  S.  Army  Engineer  Waterways  Ejqperiment  Station  (WES), 
under  the  general  supervision  of  Mr.  W.  J.  Turnbull,  Technical  Assistant 
for  Soils  and  Environmental  Engineering;  Mr.  W.  G.  Shockley,  Chief  of 
the  M&E  Division;  Mr.  S.  J.  Knight,  Assistant  Chief  of  the  M&E  Division; 
and  Mr.  E.  S.  Rush,  Chief  of  the  SVS  Section,  VSB.  Mr.  B.  G.  Stinson, 
Obstacle-Vehicle  Studies  Section,  VSB,  directed  the  field  tests  and  per¬ 
formed  preliminary  analysis  in  the  development  of  the  revised  mobility 
index  formula  reported  herein.  Mr.  J.  G.  Kennedy,  SVS  Section,  performed 
the  statistical  analysis  of  the  original  and  revised  mobility  equations 
also  reported  herein.  The  report  was  prepared  by  Messrs.  Kennedy  and  Rush. 

Directors  of  the  WES  during  the  test  program  and  preparation  of  this 
report  were  COL  Alex  G.  Sutton,  Jr.,  CE,  and  COL  John  R.  Oswalt,  Jr.,  CE. 
Technical  Director  was  Mr.  J.  B.  Tiffany. 
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CONVERSION  FACTORS,  BRITISH  TO  METRIC  UNITS  OF  MEASUREMENT 


British  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  units  as  follows: 


_ Multiply _ 

inches 

feet 

yards 

miles 

square  inches 

pounds 

pounds 

short  tons  (2000  lb) 
pounds  per  square  inch 


2.54 

0.3048 

0.9144 

1.609344 

6.4516 

0.45359237 

4.448 

907.185 

0.070307 


pounds  per  square  inch 


0.689476 


pounds  per  cubic  foot 


16.0185 


_ To  Obtain _ 

centimeters 

meters 

meters 

kilometers 

square  centimeters 

kilograms 

newtons  (N) 

kilograms 

kilograms  per  square 
centimeter 

N  per  square 
centimeter 

kilograms  per  cubic 
meter 


l 


Note:  Conversion  from  British  to  metric  units  of  measure  should  be  made 
with  caution  in  this  report  in  connection  with  index  values  (cone 
index,  rating  cone  index,  vehicle  cone  index)  and  empirically  de¬ 
rived  mobility  index  formulas  that  are  not  dimensionally  correct. 
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SUMMARY 


Studies  of  the  trafficability  of  soils  have  been  conducted  by  the 
U.  S.  Array  Engineer  Waterways  Experiment  Station  (WES)  since  1945.  Results 
of  these  studies  have  been  reported  In  WES  Technical  Memorandum  3-240, 
Trafficability  of  Soils  series  and  in  numerous  Miscellaneous  Papers.  In 
1955 i  the  methods  and  techniques  of  measuring  the  trafficability  of  fine¬ 
grained  soils  were  considered  substantially  complete  and  satisfactory, 
and  a  summary  report  (TM  3-240,  Fourteenth  Supplement)  was  published. 

That  report  contained  formulas  for  computing  mobility  indexes  (Ml)  and 
converting  Mi's  to  vehicle  cone  indexes  (VCl),  which  is  the  minimum  soil 
strength  required  for  50-pass  go-no  go  performance,  for  all  military 
wheeled  and  tracked  vehicles  in  existence  at  that  time.  Since  1955  there 
has  been  a  trend  in  wheeled-vehicle  design  toward  larger  high- flotation 
tires  on  small  vehicles  and  much  heavier  wheel  loads  on  much  larger 
vehicles  than  the  conventional  2-1/2-  and  5-ton  6x6  trucks.  Data  from 
trafficability  test  programs  conducted  by  WES  and  other  agencies  with 
vehicles  mounted  with  construction-equipment-type  tires  indicated  that  the 
computed  VCI  was  not  in  close  enough  agreement  with  test  results.  There¬ 
fore,  to  obtain  supporting  data  to  determine  whether  modification  of  the 
existing  mobility  index  formula  for  self-propelled  wheeled  vehicles  was 
necessary,  field  tests  were  conducted  with  vehicles  similar  to  those 
mentioned  above,  and  also  with  a  few  vehicles  of  more  conventional  design. 
Tests  were  conducted  with  five  wheeled  vehicles  near  Vicksburg,  Miss., 
during  January  and  February  1963 ,  and  with  four  wheeled  vehicles  at  Ft. 
Eustis,  Ft.  Lee,  and  Camp  Pendleton,  Va.,  during  February-March  1963 
(data  obtained  from  tests  with  one  vehicle,  the  5-ton  forklift,  were  not 
used  in  this  analysis). 

The  main  purposes  of  this  study  were  to  (a)  obtain  adequate  test 
data  to  determine  experimentally  the  VCI  for  50  passes  for  some  untested 
vehicles  and  (b)  use  the  results  of  these  tests  and  others  in  which 
experimental  VCI's  were  determined  to  develop  a  mobility  index  formula 
suitable  for  a  wide  range  of  vehicle  weights  and  tire  sizes. 

The  experimental  VCI's  determined  for  eight  wheeled  vehicles  from 
the  above-mentioned  test  programs  and  VCI's  obtained  from  other  test 
programs  for  eight  additional  wheeled  vehicles  are  included  herein. 

Although  only  16  vehicles  were  used  in  the  test  programs,  VCI's  were  deter¬ 
mined  for  20  vehicle  "types"  including  tests  with  four  of  the  vehicles 
modified  as  follows  (each  modification  was  considered  as  a  separate 
vehicle):  16-ton  XM438E2  GOER  tested  with  and  without  chains,  3A"^on 
M37  tested  at  two  wheel  loads,  2-ton  Meili  Flex-Trac  tested  as  a  4x4  and 


as  a  6x6,  and  the  5-ton  XM520  GOER  tested  with  two  tire  sizes.  To 
determine  if  improvement  in  predicting  VCI  could  be  made,  a  statistical 
analysis  was  performed  on  both  the  original  and  revised  MI  formulas.  This 
analysis  involved  the  use  of  a  multiple  linear  regression  technique  wherein 
mobility  index  formulas  were  produced  that  considered  the  best  inter¬ 
relation  of  the  eight  vehicle  factors  in  the  formulas.  Evaluation  of  the 
results  of  the  statistical  analysis  was  made  in  terms  of  VCI  unit  error, 

VCI  percent  error,  multiple  correlation  coefficient  (r2),  and  standard 
error  of  regression  equation.  Comparison  of  the  average  experimental 
VCI's  and  average  VCI's  computed  by  the  four  mobility  index  formulas  are 
shown  below. 


Vehicle  Cone  Index 


Unit  Error 

Percent  Error 

Absolute 

Absolute 

Formula 

Average 

Average 

f 

Original 

19.0 

1-132 

26.4 

2.0-130.0 

Original  (regression) 

9.1 

0-34 

18.7 

0-91.9 

Revised 

3.6 

0-9 

6.1 

0-14.5 

Revised  (regression) 

3.2 

0-7 

6.1 

0-20.0 

The  general  conclusions  are  that  considerable  improvement  can  be 
made  in  the  original  formula  merely  by  using  the  multiple  regression 
equation,  since  this  technique  permits  the  computation  of  a  dependent 
variable  (Ml)  when  two  or  more  Independent  variables  (vehicle  factors) 
are  related  to  the  dependent  variable.  The  accuracy  of  the  computed 
variable  depends  upon  the  degree  of  relations  between  the  dependent  and 
independent  variables.  Further  improvements  in  computing  VCI  can  be  made 
using  the  revised  formula.  By  using  the  more  complicated  multiple  re¬ 
gression  form  of  the  revised  formula  factors,  still  further  improvements 
in  computing  VCI  can  be  made.  However,  since  the  increased  accuracy  of 
the  revised  multiple  regression  formula  over  the  revised  formula  is  only 
slight  (see  tabulation  above),  it  is  suggested  that  the  revised  formula  be 
adopted,  especially  for  field  application. 

Also  included  in  this  report  is  a  check  on  the  validity  of  the 
revised  MI  formula  in  which  individual  test  results  from  test  programs 
with  vehicles  different  from  those  used  in  revising  the  MI  formula  are 
compared  with  the  computed  VCI  of  each  vehicle. 

Appendix  A  presents  the  original  and  revised  mobility  index  for¬ 
mulas  and  comparisons  of  computed  VCI's  for  some  standard  and  experimental 
military  vehicles  using  the  two  MI  formulas.  Appendix  B  presents  a  de¬ 
tailed  analysis  and  evaluation  of  the  original  and  revised  MI  formula 
factors  by  the  multiple  linear  regression  technique. 


TRAFFICABILITY  OF  SOILS 

DEVELOPMENT  OF  REVISED  MOBILITY  INDEX  FORMULA. 

FOR  SELF-PROPELLED  WHEELED  VEHICLES 
IN  FINE-GRAINED  SOILS 

PART  I:  INTRODUCTION 

l* 

Background 

1.  Studies  of  the  trafficability  of  soils  have  been  in  progress 
since  1945  at  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES) 
and  have  been  reported  primarily  in  WES  Technical  Memorandum  No.  3-240, 
Trafficability  of  Soils,  and  17  supplements  thereto,  but  also  reported  in 
numerous  WES  Miscellaneous  Papers.  Basically,  this  research  is  aimed  at 
the  development  of  instruments  and  techniques  for  the  measurement  of 
surface  media  and  the  prediction  of  performance  of  military  vehicles  on 
these  media.  Thus  far  studies  have  been  made  on  four  general  types  of 
surface  media:  fine-grained  soils,  coarse-grained  soils  (sand  beaches 
and  deserts),  organic  terrain  (muskeg),  and  snow.  The  early  phases  of 
the  work  were  studies  primarily  of  fine-grained  soils.  In  1955 »  the 
methods  and  techniques  of  measuring  the  trafficability  of  fine-grained 
soils  were  considered  essentially  complete,  and  a  summary  report  (TM  3-240, 
Fourteenth  Supplement)  was  published.  This  report  contained  formulas  for 
computing  the  mobility  indexes  and  predicting  the  minimum  soil  strength 
requirements  for  50-pass  "go-no  go"  performance  of  all  military  vehicles 
in  existence  at  that  time.  Since  1955 »  there  has  been  a  trend  in  wheeled- 
vehicle  design  toward  larger  high- flotation  tires  on  small  vehicles  and 
much  heavier  wheel  loads  on  much  larger  vehicles.  Examples  of  large  tires 
are  those  on  members  of  the  GOER  family  of  vehicles,  and  the  low-profile 
Terra-tires  used  as  replacements  for  more  conventional  tires  on  standard 
military  vehicles.  Exanples  of  heavy  wheel  loads  are  the  25-  and  50-ton* 
wheel  loads  of  the  BARC  (Barge,  Amphibious,  Resupply,  Cargo),  a  60-ton 


*  A  table  of  factors  for  converting  British  units  of  measurement  to  metric 
units  is  presented  on  page  ix. 
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special-purpose  barge,  and  the  approximate  10-ton  wheel  _oads  of  the 
16 -ton  GOERS.1*2 

2.  Data  from  limited  test  programs  conducted  with  vehicles  mounted 

3 

with  construction-equipment-type  tires--a  Toumadoxer,*  a  5-ton  GOER, 

h  5 

a  5-ton  Jumbo  truck,  two  large  LeTourneau  industrial  vehicles  — and  fv  n 

results  obtained  from  test  programs  such  as  Project  Wheeltrack1  and  Swamp 

2 

Fox  IT  conducted  by  other  agencies  indicated  that  the  computed  vehicle 
cone  index  (VCl)  values  were  not  in  close  enough  agreement  with  test 
results  to  permit  the  prediction  of  vehicle  performance  with  the  desired 
degree  of  accuracy.  Supporting  data  to  determine  whether  modification 
of  the  existing  formula  for  self-propelled  wheeled  vehicles  was  necessary 
were  obtained  ‘‘rom  field  cests  conducted  with  vehicles  similar  to  some  of 
those  tested  in  the  above-referenced  studies,  and  also  with  a  few  vehicles 
of  more  conventional  design. 


Purpose  and  Scope 

3.  The  main  purposes  of  this  study  were  to  (a)  obtain  adequate 
test  data  to  determine  experimentally  the  vehicle  cone  index  (VCl)  for 
50  passes  for  vehicles  mounted  with  nonco^ventional  tires  and  (b)  use 
results  of  the  field  tests  to  develop  a  revised  mobility  index  (Ml)  formula 
for  self-propelled  wheeled  vehicles. 

h.  The  adequacy  of  the  revised  MI  formula  was  checked  by  comparing 
the  experimentally  determined  VCI's  with  VCI's  computed  by  both  the 
original  and  the  revised  MI  formulas.  In  addition,  results  of  other  test 
programs  were  used  to  check  the  revised  formula.  These  are  discussed  as 
appropriate  in  the  analysis.  The  two  MI  formulas  are  presented  in  Appen¬ 
dix  A.  Tables  also  are  presented  in  Appendix  A  listing  a  range  of  standard 
military  wheeled  vehicles  and  19  wheeled  vehicles  of  experimental  designs 
that  have  been  tested  by  the  U.  S.  Army  but  as  yet  have  not  been  accepted 
as  military  standard.  The  tables  show  VCI's  computed  with  both  the  orig¬ 
inal  and  revised  formulas.  Detailed  statistical  analysis  and  evaluation 


*  Unpublished. 
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of  both  MI  formulas  are  given  in  Appendix  B. 

5.  The  tests  reported  herein  were  conducted  during  two  field 
programs:  one  near  Vicksburg,  Miss.,  and  the  other  at  three  military 
installations  in  Virginia.  Five  wheeled  vehicles  (one  vehicle  was  tested 
at  two  different  loads)  were  used  in  the  Vicksburg  tests  and  four  vehi¬ 
cles  were  used  in  the  Virginia  tests. 

Definitions 

6.  Definitions  of  terns  used  in  this  report  are  given  in  TM  3-240, 
Fourteenth  Supplement. 
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PART  II:  FIELD  TEST  PROGRAM 


7.  Tests  were  conducted  near  Vicksburg,  Miss.,  during  January  - 
February  1963,  and  at  Ft.  Eustis,  Ft.  Lee,  and  Camp  Pendleton,'  Va.,  during 
February-March  1963.  Tests  consisted  of  operating  self-propelled  wheeled 
vehicles  across  level,  fine-grained  soils  and  coarse-grained  soils  with 
fines,  poorly  drained.  Observations  of  vehicle  performance  and  measure¬ 
ments  of  pertinent  soil  and  vehicle  data  were  made  for  each  test.  Details 
of  the  various  test  areas,  vehicles  tested,  test  procedures,  and  data  col¬ 
lected  are  discussed  in  the  following  paragraphs. 


Test  Areas 


Vicksburg  test  area 

8.  This  test  area  was  on  the  southeast  bank  of  Albemarle  Lake,  a 
small  body  of  water  on  the  Louisiana-Mississippi  border  approximately 
16  miles  north  of  Vicksburg  (fig.  1).  The  water  level  of  this  lake  rises 


Fig.  1.  Location  of  Vicksburg  test  area 


and  falls  with  that  of  the 
Mississippi  River,  which  feeds 
it.  At  the  time  of  testing 
(January  and  February  1963 ), 
the  river  was  low,  and  a  wide, 
flat  expanse  of  lakeshore  was 
exposed  and  accessible.  The 
shoreline  for  a  distance  of 
about  4 00  ft  from  the  lake  was 
practically  void  of  vegetation. 
Inland  from  this  open  area  was 
an  area  that  extended  for 
about  300  yd  on  which  willow 
trees  with  trunk  diameters 
ranging  from  6  to  10  in.  were 
growing.  Views  of  the  areas 
are  shown  in  fig.  2.  Tests 
were  conducted  in  both  the 
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open  and  wooded  areas.  The 
soil  to  a  depth  of  18  in.  was 
classified  as  heavy  (fat)  clay 
CH,  according  to  the  Unified 
Soil  Classification  System 
(USCS)  (fig.  3).  A  gradual 
decrease  in  moisture  content 
with  increase  in  distance  from 
the  water's  edge  permitted 
testing  on  a  range  of  soil 
strength  conditions  that  was 
wide  enough  to  represent  '’go" 
and  "no  go"  conditions 


b.  Wooded  area 


Fig.  2.  Vicksburg  test  area 


This  test  area 
was  located  on  the  Ft.  Eustis  Military 
Reservation.  The  general  location  is 
shown  in  fig.  4,  and  a  photograph  of  the 
area  in  which  the  tests  were  conducted 
is  shown  in  fig.  5» 

10.  The  test  area  was  marshy  and 
covered  with  tall  grass.  The  0-  to  6-in. 
layer  of  soil  contained  a  dense  root  mat. 
A  gradation  curve  could  not  be  determined 


9.  Ft.  Eustis 


rAT  CLAY  (CH) 


Fig.  3*  Gradation  curve  and 
classification  data,  Vicksburg 
test  area  soil 
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Fig.  4.  Location  of  Virginia  test  areas 


Fig.  5»  Ft.  Eustis  test  area 


Fig.  6.  Gradation  curves  and  classification  data, 

Ft.  Eustis,  Va.,  test  area  soil 

profile:  that  in  the  0-  to  8- in.  layer  was  highly  organic  (Pt):  that  be¬ 
low  8  in.  was  a  sandy  clay  (CH)  to  about  12  in.  where  a  fat  clay  (CH)  was 
encountered. 

11.  Ft .  Lee .  This  test  area  was  near  the  Ft.  Lee  Army  Airport. 

Tests  were  conducted  in  a  level  to  slightly  sloping  area  of  coastal  plain 
deposits.  The  top  soil  layer  was  a  very  fine  sandy  silt  (CL-ML),  which 
varied  in  thickness  from  the  surface  to  about  8  to  18  in.,  underlain  by 
a  lean  clay  (CL).  Belov/  the  lean  clay  was  a  fairly  stiff,  mottled  lean 
clay  (CL)  or  fat  clay  (CH)  (see  fig.  7).  The  clay  soil  supported  a  perched 
water  table  that  varied  from  the  surface  to  .12  in.  below  the  surface.  Most 


of  the  area  had  recently  been  logged,  and  tree  stumps  8  to  15  in.  in  diam¬ 
eter  and  10  to  20  in.  high,  spaced  randomly  at  about  8-  to  15 -ft  intervals, 
remained  on  the  site.  A  dense  grass  covered  the  area,  and  there  were 
scattered  clumps  of  small  trees  with  trunks  up  to  about  4  in.  in  diameter 
growing  on  the  site.  Views  of  the  area  are  shown  in  fig.  8.  The  general 
location  is  shown  in  fig.  4. 

12.  Backshore  area  south  of  Camp  Pendleton.  This  test  area  ms 
on  the  backshore  area  of  the  beach  south  of  Camp  Pendleton,  Va.  (see 
fig*  9)*  The  tests  were  conducted  in  an  area  where  a  recent  storm  had 
washed  away  most  of  the  clean  sand,  leaving  a  fine-grained  soil  exposed 
that  ranged  from  a  silty  clay  to  a  clayey  silt.  However,  before  the  tests 
were  conducted,  a  thin  layer  of  sand  about  l/2  to  1  in.  thick  had  covered 
the  fine-grained  soil  so  that  the  area  had  the  appearance  of  a  normal 


Fig.  7.  Gradation  curves  and  classification  data, 
Ft.  Lee,  Va.,  test  area  soils 
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a.  Looking  south 


b.  Looking  north 


Fig.  8.  Ft.  Lee  test  area 


Fig.  9»  Beach  area,  south  of 
Camp  Pendleton 
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beach.  The  area  was  completely  void  of  vegetation.  Results  of  tests  of 
soil  samples  taken  at  6-in.  increments  for  the  0-  to  6- in.  (excluding  the 
surface  sand  layer),  the  6-  to  12- in.,  and  the  12-  to  l8-in.  layers  of  soil 
are  shown  and  classification  data  are  given  in  fig.  10. 
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Vehicles  Tested 


13.  Pertinent  vehicle  data  and  areas  where  each  vehicle  ms  tested 
are  presented  in  table  1.  Photographs  of  the  vehicles  are  shown  in  fig.  11 


Bucket  loader 


a.  Toumadozer 


d.  l/U-ton  M151  modified 
with  low-pressure  pneu¬ 
matic  tires 


c.  l-l/2-ton  W300  modified 
with  low-pressure  pneumatic 
tires 


Fig.  11.  Vehicles  used  in  tests  (1  of  2  sheets) 
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14.  Vehicles  used  in  the  Vicksburg  tests  were  furnished  by  WES,  and 
those  used  in  the  Virginia  tests  were  furnished  by  the  U.  S.  Army  Trans¬ 
portation  Board,  Ft.  Eustis,  Va.,  except  for  the  rough-terrain  forklift, 
which  was  furnished  by  a  support  unit  at  Ft.  Lee,  Va. 

15.  All  the  vehicles  used  ir\  the  Vicksburg  tests  were  equipped 
with  standard  tires,  rims,  and  other  vehicle  components.  Two  of  the  four 
vehicles— the  W300  and  the  M151— tested  in  Virginia  were  equipped  with 
large  high-flotation  pneumatic  tires  that  required  the  addition  of  power 
steering;  but  the  other  two— the  GOER  and  the  forklift --were  equipped 
with  standard  tires  and  rims. 

16.  The  vehicles  tested  were  in  good  mechanical  condition,  but  the 
M274  (mule)  did  not  have  sufficient  power  to  turn  its  wheels  in  some  test 
soils.  Where  lack  of  power  appeared  to  affect  results,  this  fact  is 
mentioned  in  the  "Remarks"  column  in  the  data  tables.  The  tires  on  the 
Toumadozer  were  badly  worn;  this  may  have  had  some  effect  on  its  per¬ 
formance  . 

Vehicle  Test  Procedures 

17.  Test  lanes  were  selected  to  minimize,  insofar  as  possible,  the 
effects  of  factors  such  as  surface  geometry,  slope,  vegetation,  litter, 
and  roots  on  vehicle  performance.  During  the  tests,  observations  were 
made  and  pertinent  notes  were  recorded  of  the  performance  of  the  vehicle 
and  the  reaction  of  the  soil.  Insofar  as  possible,  vehicle  factors  for 

a  given  vehicle  were  kept  constant  for  each  series  of  tests;  tire  pressures 
were  checked  and  adjusted  when  necessary;  the  same  gear  ratios  were  used 
for  all -tests;  and  loads  were  not  allowed  to  shift  within  the  cargo  beds, 
etc.  Test  lanes  approximately  100  ft  long  were  staked  out,  and  soil  data 
were  collected  along  the  expected  paths  of  the  left  and  right  wheels  of 
the  vehicle.  The  vehicle  then  traveled  over  the  test  lane  in  a  straight 
line  at  approximately  2  mph.  After  the  vehicle  had  traveled  through  the 
test  lane  to  a  point  where  the  rear  wheels  were  about  5  to  10  ft  beyond 
the  end  of  the  lane,  the  vehicle  was  put  in  reverse  gear  and  driven  back 
to  the  starting  point  in  the  same  tracks  to  complete  the  second  pass. 


•« 


13 


Traffic  was  continued  until  the  vehicle  v&s  immobilized  or  until  50 
passes  were  completed.  Periodically  during  the  tests ,  data  were  taken 
in  the  ruts. 


Data  Obtained 

18.  A  summary  of  the  data  collected  in  the  tests  is  given  in 
table  2;  these  da'ta  are  described  in  the  following  paragraphs. 

Cone  index 

19.  Cone  index  was  measured  with  the  cone  penetrometer  before  and 
during  traffic. 

a.  Before  traffic.  Cone  index  was  measured  at  10-ft  horizontal 
intervals  along  the  proposed  path  of  each  wheel  at  the 
surface  and  at  3-in.  vertical  increments  to  a  depth  of 

24  in.,  and  at  30-  and  36-in.  depths. 

b.  During  and  after  traffic.  Cone  index  was  measured  after 
various  passes  during  the  test  and  after  the  test  was 
completed  at  the  same  horizontal  and  vertical  intervals 
along  the  path  as  before  traffic. 

Remolding  index 

20.  Remolding  indexes  were  measured  at  three  locations  in  the  test 
lane  before  traffic  was  applied.  The  soil  layers  measured  varied  with 
the  different  vehicles  (see  table  2). 

Rating  cone  index  (RCI) 

21.  Rating  cone  index  was  computed  from  the  average  cone  index  and 
remolding  index  that  were  taken  before  traffic. 

Moisture  content  and  density 

22.  Samples  for  determination  of  moisture  content  and  density  were 
taken  at  the  same  locations  as  those  where  remolding  indexes  were  measured 
and  usually  from  the  following  soil  layers:  0  to  6  in.,  6  to  12  in.,  and 
12  to  18  in. 

Bulk  soil  samples 

23.  Representative  bulk  soil  samples  of  the  0-  to  6-in.,  6-  to 
12-in. ,  and  12-  to  l8-in.  layers  were  obtained  for  soil  classification 
purposes. 


Rut  depths 

24.  The  depths  of  the  ruts  were  measured  usually  on  the  same  passes 
as  those  on  which  cone  indexes  were  measured. 

Photographs 

25.  Movies  and  still  photographs  were  made  of  test  areas  and 
vehicles ,  as  well  as  of  pertinent  features  of  the  tests. 

Data  Analyses 

26.  The  analyses  of  data  consisted  mainly  of  the  determination  of 
the  minimum  soil  strength  in  terms  of  rating  cone  index  (RCI)  required  to 
support  each  vehicle  for  50  passes.  RCI  was  the  main  soil  measurement 
considered;  however,  the  occurrence  of  undercarriage  dragging,  and  the 
degree  of  difficulty  experienced  by  the  vehicle  in  traversing  the  test 
lane  were  considered  in  the  analyses. 

Review  of  RCI, 

VCI ,  and  critical  layer 

27.  Previous  trafficability  studies  have  shown  that  the  ability 
of  a  soil  to  sustain  repetitive  traffic  (50  passes)  of  wheeled  and 
tracked  self-propelled  vehicles  can  be  predicted  from  measurements  of 
RCI.  The  RCI  that  is  just  adequate  to  support  50-pass  traffic  of  a  par¬ 
ticular  vehicle  is  designated  as  the  vehicle  cone  index  (VCI).  Test 
results  have  shown  that  there  is  a  critical  layer,  l.e.  a  layer  whose 
strength  (RCI)  appears  to  be  most  closely  related  to  vehicle  performance. 
For  most  vehicles  this  layer  has  been  determined  to  be  approximately  6  in. 
thick.  The  depth  of  the  critical  layer  is  dependent  upon  the  weight  of 
the  vehicle  and  the  characteristics  of  the  soil  strength  profile.  If 

the  critical  layer  and  the  6-in.  layer  below  the  critical  layer  have  the 
same  strength  or  show  an  increase  in  strength  with  depth,  the  strength 
profile  is  considered  normal.  If  the  6-in.  layer  below  the  critical 
layer  has  less  strength  than  the  normal  critical  layer,  the  strength 
profile  is  considered  abnormal  and  the  deeper  layer  is  considered  the 
critical  one  for  evaluation  purposes. 
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Determination  of  exper- 
imental  VC  I  for  50  passes 

28.  Summaries  of  data  collected  before,  during,  and  after  traffic, 
together  with  a  description  of  the  performance  of  the  vehicles  and  other 
pertinent  remarks  are  given  in  table  2.  The  data  are  shown  graphically 
in  plate  1  where  soil  strength  in  terms  of  RCI  is  plotted  along  the 
horizontal  scale;  the  vertical  scale  has  no  quantitative  values. 

29*  Although  earlier  studies  concluded  that  depth  to  critical 
layer  varied  with  vehicle  weight  and  soil  strength  profile,  data  were 
examined  by  6-in.  layers  from  the  surface  through  the  12-  to  l8-in. 
layer  to  determine  (in  the  case  of  vehicles  with  high-flotation  tires) 
and  to  verify  (in  the  case  of  more  conventional  vehicles)  critical  layers 
previously  established.  Results  of  this  preliminary  examination  to  deter 
mine  critical  layer  are  as  follows: 


Vehicle 

Critical 

Layer 

in. 

Vehicle 

Critical 

Layer 

in. 

XM438E2 

6-12 

M37  empty 

6-12 

Toumadozer 

6-12 

M37  loaded 

6-12 

Bucket  loader 

6-12 

Willys  station  wagon 

6-12 

l-l/2-ton  power  wagon 

6-12 

M151  modified 

3-9 

M274 

3-9 

RCI  values  underlined  in  table  2  are  plotted  in  plate  1  for  determination 
of  VCI.  It  should  be  remembered  that  if  the  RCI  of  the  6-in.  layer 
below  the  normal  critical  layer  is  less  than  the  RCI  of  the  normal  layer, 
then  the  lower  RCI  value  was  used  in  the  analysis  and  the  minimum  RCI 
that  would  permit  a  given  vehicle  to  complete  50  passes  is  the  experimental 
VCI  of  that  vehicle. 

30.  Tests  with  16-ton  XM430E2,  Fourteen  tests  were  conducted  with 
t-o  XM438E2  at  Ft.  Lee.  The  ve  cle  was  equipped  with  chains  for  eight 
tests  and  was  tested  without  chains  in  six  tests.  Since  a  load  was  not 
available,  all  tests  were  conducted  with  the  vehicle  empty,  which  resulted 
in  unequal  weight  distribution  on  the  two  ay'es;  the  front  axle  carried 
24,300  lb  and  the  rear  axle  carried  14,010  lo.  The  unequal  weight  may 
have  hampered  vehicle  perf ormance ,  but  this  could  not  be  determined  from 


observation  of  the  tests.  In  most  tests  when  the  vehicle  became  im¬ 
mobilized,  it  was  able  to  extricate  Itself  by  using  its  "wagon  steer" 
feature,  which  allowed  the  front  end  to  turn  at  right  angles  to  the 
direction  of  travel. 

a.  XM438E2  with  chains.  A  graphical  presentation  of  data 
from  these  tests  is  given  in  plate  la.  From  examination  of 
the  plot,  it  can  be  seen  that  in  test  29  the  vehicle  com¬ 
pleted  50  passes  with  some  difficulty  on  an  RCI  of  48, 

but  in  tests  31  and  32  it  became  immobilized  during  the 
4th  and  6th  passes  on  RCI's  of  5 6  and  57*  Test  notes 
indicate  that  in  tests  31  and  32  the  vehicle  under¬ 
carriage  was  not  dragging  and  the  vehicle  could  go  by 
applying  its  unique  wagon  steering  action,  which  indicates 
that  early  pass  immobilizations  were  caused  in  part  by 
low  traction  capacity  of  the  soil.  In  test  30  on  an 
RCI  of  8l,  the  vehicle  had  difficulty  on  the  first  and 
second  passes  because  of  a  soft  spot  in  the  test  lane 
which  caused  some  traction  failure,  but  after  the  soil 
from  the  soft  spot  had  been  moved  out  of  the  ruts  by  the 
wheels,  traffic  was  continued  until  50  passes  were 
completed  with  no  further  difficulty.  From  these  tests 
it  was  determined  that  the  6-  to  12-in.  layer  was  the 
critical  layer  for  the  unloaded  vehicle;  however,  when  the 
vehicle  is  loaded  with  a  16-ton  pay  load,  the  critical 
layer  may  well  be  deeper.  A  wide  range  of  RCI  was  not 
tested,  and  an  experimental  VCI  could  be  tentatively  deter¬ 
mined  only  after  examination  of  results  of  tests  with 
chains  and  performance  of  the  Tournadozer  with  similar 
average  wheel  loads.  The  experimental  VCI  was  determined 
tentatively  to  be  60. 

b.  XM438E2  without  chains.  RCI -vehicle  performance  relations 
for  these  tests  are  shown  in  plate  lb.  No  immobilizations 
were  obtained  after  the  fourth  pass  in  any  test;  however, 
considerable  wheel  slip  was  ejq>erienced  in  test  21  and  14- 
to  15-in.  ruts  developed  in  tests  21  and  22  on  RCI's  of 
89  and  7 6.  The  experimental  VCI  of  the  XM438E2  without 
chains  was  determined  to  be  62,or  two  units  higher  than 
with  chains.  Previous  testing”  indicated  that  chains 
would  improve  performance  in  soft  soils  by  about  that 
amount.  A  typical  test  is  shown  in  fig.  12. 

31*  Tests  with  the  Tournadozer.  RCI-vehicle  performance  relations 
are  shown  in  plate  lc.  Nine  tests  were  conducted;  six  resulted  in  im¬ 
mobilizations  and  three  resulted  in  completion  of  50  passes,  although  in 
test  8  the  vehicle  experienced  considerable  difficulty  on  an  RCI  of  59. 

In  test  4  on  an  RCI  of  62  the  vehicle  completed  50  passes  with  no 
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difficulty  although  its  undercarriage  was  dragging  after  about  36  passes. 
Photographs  of  test  4  are  shown  in  fig.  13 .  The  experimental  VCI  for  the 
Tournadozer  was  determined  to  be  60  for  safe  completion  of  50  passes. 

32.  Tests  with  the  5-ton  forklift.  Attempts  were  made  to  determine 
the  experimental  VCI  for  this  vehicle  at  Ft.  Lee,  but  at  the  time  of 
testing  the  soil  was  too  soft  to  permit  more  than  a  few  passes  before 
immobilization  occurred;  therefore,  an  analysis  was  not  performed  but  the 
data  are -presented  in  table  2  as  a  matter  of  record. 

33.  Tests  with  the  bucket  loader.  RCI -vehicle  performance  relations 
are  shown  in  plate  Id.  Thirteen  tests  were  conducted;  eight  resulted  in 
immobilizations  before  50  passes  were  completed  and  five  resulted  in 
completion  of  50  passes.  However,  of  the  five  tests  successfully 
completed,  the  results  of  tests  24  and  32  were  in  doubt  since  test  notes 
state  that  in  test  24  on  an  RCI  of  44  the  undercarriage  began  dragging 

on  about  the  33d  pass,  and  in  test  32  on  an  RCI  of  40  the  undercarriage 
began  dragging  on  about  the  17th  pass  and  extremely  high  slip  occurred  on 
the  last  few  passes.  Test  notes  also  state  that  in  test  23  a  mat  of  tree 
roots  may  have  enabled  the  vehicle  to  complete  50  passes  on  an  RCI  of  52. 
The  experimental  VCI  was  determined  to  be  50  for  the  bucket  loader. 
Photographs  of  tests  32,  45,  and  46  are  shown  in  fig.  14. 

34.  Tests  with  the  l-l/2-ton  power  wagon.  RCI -vehicle  performance 
relations  are  shown  in  plate  le.  Eleven  tests  were  conducted  with  thi  s 
vehicle,  one  at  Ft.  Eustis,  seven  at  Ft.  Lee,  and  three  at  Camp  Pendleton. 
Photographs  of  test  57  at  Camp  Pendleton  are  shown  in  fig.  15 .  A  good 
separation  between  immobilizations  and  noniranobilizations  is  shown  in 
plate  le.  The  vehicle  was  equipped  with  low  pressure  pneumatic  tires, 
which  appeared  to  help  considerably  when  traveling  over  soft  soil.  It  was 
noted  that  most  immobilizations  occurred  without  undercarriage  dragging 
but  with  only  one  wheel  on  each  axle  spinning.  The  use  of  a  device  to  lock 
out  differential  action  might  have  enabled  the  vehicle  to  complete  the  test 
in  a  number  of  instances  where  it  became  immobilized.  The  experimental 

VCI  was  determined  to  be  42. 

35*  Tests  with  the  3A-ton  M37  truck.  Sixteen  tests  were  conducted 
with  this  vehicle:  ten  with  the  vehicle  empty  and  six  with  a  3/4-ton 
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Before  traffic 


Vicksburg  test  p: 


a.  Test  45  im¬ 
mobilized  on  first 
pass  attempting  to 
enter  test  lane 


b.  Test  46  im¬ 
mobilized  on  5th 


Fig.  14.  Bucket  loader  tests  at  Vicksburg 


c.  Test  32  im¬ 
mobilized  on  11th 
pass 


2: 


m 


Fig.  15.  Test  57,  l-l/2-ton  power  uagon  on  backshore  beach  area 

south  of  Camp  Pendleton 


c .  Immobilized,  on 
4th  pass.  Note  mud 
boil  in  center  of 
ruts 


b.  Immobilized  on 
4th  pass 


*’4 

*'> 


a.  Ruts  after  1  pasa 


pay  load.  All  testa  were  conducted  at  Vicksburg,  Miss. 

a.  Tests  with  empty  M37.  RC I -vehicle  performance  relations 
are  shovn  in  plate  If.  Four  tests  resulted  in  im¬ 
mobilisations  before  completion  of  50  passes,  and  six 
tests  resulted  in  the  vehicle  successfully  completing  50 
passes.  Test  notes  indicate  that  all  nonimmobilization 
tests  ware  begun  with  the  vehicle  operating  with  only 
two  wheels  driving.  Test  notes  also  indicate  that  in 
four  of  these  tests  the  vehicle  experienced  serious 
difficulty.  It  is  not  known  to  what  degree  operation  with 
only  two  driving  wheels  in  early  passes  contributed  to  the 
difficulty  after  all  wheels  were  driving.  It  is  assumed 
that  the  portion  of  the  tests  conducted  with  two  wheels 
driving  haul  an  adverse  effect,  and  a  few  of  the  tests 
where  difficulty  was  experienced  would  have  been  completed 
with  less  difficulty  if  all  wheels  had  been  driving  for 
all  passes.  Therefore,  it  was  determined  that  the  exper¬ 
imental  VCI  for  the  empty  M37  was  50;  this  value  is 
considered  to  be  slightly  conservative. 

b.  Tests  with  loaded  M37.  RCI -vehicle  performance  relations 
are  shown  in  plate  lg.  Six  tests  were  conducted;  five 
ended  in  immobilizations  before  completion  of  50  passes 
and  one  (test  68)  ended  with  the  vehicle  completing  50 
passes.  In  test  68  on  an  RCI  of  55  the  vehicle  had 
difficulty  completing  the  test  because  of  dragging  of 
undercarriage.  From  the  results  of  test  68  and  the  ex¬ 
perimental  VCI  of  the  empty  M37,  the  experimental  VCI 

of  the  loaded  M37  was  estimated  to  be  58. 

36.  Tests  with  the  Wlllys  station  wagon.  Seven  tests,  all  at 
Vicksburg,  were  conducted  with  this  vehicle;  six  resulted  in  im¬ 
mobilizations  and  one  resulted  in  successful  completion  of  50  passes. 

RCI -vehicle  performance  relations  are  shown  in  plate  lh.  The  best 
separation  of  the  go  tests  from  the  no  go  tests  was  for  the  6-  to  12-in. 
layer;  therefore,  this  was  considered  to  be  the  critical  layer.  Test  90, 
on  an  RCI  of  42,  resulted  in  a  l4th-pass  immobilization  when  the  sticky 
clay  soil  accumulated  beneath  the  fenders  and  jammed  the  wheels.  In  tests 
88  and  89  on  47  and  46  RCI’s,  respectively,  the  vehicle  completed  31  and 
47  passes  before  immobilizing.  In  test  91 >  50  passes  were  completed 
relatively  easily  even  though  the  undercarriage  of  the  vehicle  was 
dragging.  Experimental  VCI  was  determined  to  be  50. 

37.  Tests  with  the  lA-ton  M151  truck  (modified).  Seven  tests, 
two  at  Ft.  Eustis  and  five  at  Ft.  Lee,  were  conducted  with  this  vehicle. 
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RCI -vehicle  performeuice  relations  are  shown  in  plate  li.  Pour  tests 
resulted  in  immobilizations  and  three  resulted  in  the  vehicle  comple¬ 
ting  50  passes.  Examination  of  the  data  showed  that  the  RCI  of  the 
3-  to  9-in.  layer  test  correlated  with  vehicle  performance;  hence  it  was 
designated  as  the  critical  layer.  In  test  3  on  an  RCI  of  24,  the  vehicle 
had  considerable  difficulty  completing  50  passes  (see  fig.  16);  however, 
the  surface  of  the  test  lane  was  spotted  with  areas  of  vegetation  and 
bare  soil,  and  the  vehicle  encountered  difficulty  in  holes  which  developed 
between  areas  of  vegetation.  In  test  10  on  an  RCI  of  24,  the  vehicle 
completed  50  passes  with  ease.  In  test  18  on  an  RCI  of  22,  the  vehicle 
had  difficulty  completing  50  passes;  therfore,  the  experimental  VCI  was 
estimated  to  be  23. 

38.  Tests  with  the  l/2-ton  M274  carrier.  RCI -vehicle  performance 
relations  are  shown  in  plate  lj .  Ten  tests  were  conducted;  six  ended  with 
the  vehicle  Immobilizing  before  completion  of  50  passes  and  four  ended 
with  the  vehicle  completing  50  passes  or  more.  Two  of  the  Immobilization 
tests  (35  and  37)  were  conducted  in  an  area  with  free  surface  water,  and 
the  first-pass  Immobilizations  were  a  result  of  low  surface  traction 
capacity  rather  than  low  bearing  capacity,  since  the  vehicle  sank  only 
3  to  4  in.  In  test  35  the  vehicle  was  able  to  back  out  of  the  test  lane 
without  assistance  although  it  could  not  go  forward.  In  test  37,  the 
vehicle  was  able  to  back  out  of  the  test  lane  with  some  assistance  (by 
pushing).  Test  34  on  soil  similar  to  that  of  the  two  tests  described 
above  further  supports  the  fact  that  low  surface  shear  strength  rather 
than  low  bearing  strength  of  the  critical  layer  may  have  caused  the  im¬ 
mobilizations.  In  this  test,  the  vehicle  could  not  go  forward  because 
of  wheel  slip  on  three  occasions  on  the  first  pass.  On  each  occasion, 
the  vehicle  was  allowed  to  back  up  a  few  feet  and  then  go  forward  again. 
After  completion  of  the  first  pass  in  this  manner,  traffic  was  continued, 
and  the  vehicle  completed  50  passes  with  no  further  difficulties. 

39*  After  examination  of  plate  lj  and  other  data,  it  was  concluded 
that  the  3-  to  9-in.  layer  was  the  critical  layer  and  that,  with  exclusion 
of  tests  35  and  37  for  reasons  previously  explained,  the  experimental  VCI 
should  be  20  for  safe  completion  of  50  passes. 
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b.  During  traffic 
pass  21 


c .  Cutaway  showing 
root  structure  in 
rut  after  50  passes 


Fig.  l6.  Test  3>  l/U-ton  M151,  modified  with  low-pressure  pneumatic  tires 

Ft.  Eustis  test  area 


PART  III:  REVISION  OF  MOBILITY  INDEX  FORMULA. 


40.  The  original  mobility  index  formula  and  the  revised  mobility 
index  formula  developed  herein  are  shovn  in  Appendix  A.  This  part  of  the 
report  discusses  data  used  in  the  development  of  the  revised  formula, 
the  revised  formula,  a  statistical  analysis  of  both  formulas,  and  finally 
the  validity  of  the  revised  formula. 

Data  Used  in  Development  of 
Revised  Formula 


41.  Data  used  in  development  of  the  revised  formula  were  limited  to 
the  vehicle  test  program  reported  herein  and  to  other  test  programs  in 
which  sufficient  testing  was  performed  to  determine  experimentally  the 
VCI  for  each  vehicle. 

Data  from  this  report 

42.  The  analysis  of  test  results  from  Part  II  of  this  report  pro¬ 
duced  experimental  VCI's  as  follows: 

Experimental 


Vehicle  VCI 


16-ton  XM438E2  with  chains  60 
16-ton  ZM438E2  without  chains  62 
Tournadozer  60 
Bucket  loader  50 
l-l/2-ton  power  wagon  modified  42 
3/4-ton  M37  truck  empty  50 
3A”'b011  M37  truck  loaded  58 
Willys  station  wagon  50 
l/4-ton  M151  truck  modified  23 
l/2-ton  M274  carrier  20 


Data  from  other 
field  test  programs 

43.  Vehicles  tested,  experimental  VCI's,  and  data  sources  from  other 
field  programs  that  were  used  in  revision  of  the  MI  formula  are  listed 
below: 


Vehicle 

Experimental 

VCI 

Data  Source  (See 
Literature  Cited) 

Electric  digger 

185 

5 

Log  stacker 

150 

5 

(Continued) 
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Vehicle 

Experimental 

VCI 

Data  Source  (See 
Literature  Cited) 

6 -ton  truck,  6x6 

75 

7 

4 -ton  truck,  6x6 

65 

7 

2-l/2-ton  truck,  6x6 

70 

7 

5-ton  XM520  GOER  with 

63 

3 

15.00-34  tires 

5 -ton  XM520  GOER  with 

57 

3 

18.00-26  tires 

2-ton  Meili  Flex-Trac, 

52 

8 

4x4 

2-ton  Meili  Flex-Trac, 

40 

8 

6x6 

Gama  goat 

37 

9 

44.  Pertinent  data  for  the  above -listed  vehicles  are  given  in 
table  3.  It  is  worth  noting  that  the  6-,  4-,  and  2-l/2-ton  trucks  were 
three  of  the  vehicles  used  in  developing  the  original  MI  formula.  In 
TM  3-240,  Eighth  Supplement,  a  cone  index  range  was  listed  for  these 
three  vehicles,  and  the  high  value  of  the  range  ■was  selected  as  the 
experimental  VCI  for  purposes  herein.  For  example,  for  the  6-ton  truck, 
the  cone  index  range  was  65  to  75 ,  and  75  was  selected. 


Revised  Formula 


45.  The  procedure  fcr  revising  the  original  formula  was  primarily 
one  of  trial  and  error  with  some  guidance  from  recent  findings  in  labora¬ 
tory  studies.^  Trial-and-error  adjustments  were  made  of  vehicle  factors 
and  constants  that  composed  the  original  formula  until  prediction  of  VCI 
could  be  made  that  best  fitted  the  experimental  VCI  of  each  vehicle  listed 
in  paragraphs  42  and  43.  The  revised  formula,  shown  in  Appendix  A,  used 
the  same  eight  factors  as  the  original  formula;  however,  for  some  of  the 
factors,  the  value  of  the  factor  differs.  The  revised  formula  still 
permits  the  use  of  the  existing  mobility  index-vehicle  cone  index  curve, 
as  shown  in  plate  Al,  or  the  tabulation  of  the  data  from  which  the  curve 
was  derived  as  given  in  table  Al.  When  the  revised  formula  is  compared 
with  the  original  formula,  it  can  be  seen  that  the  multiplier  factor  0.6 
and  the  constant  +20  have  been  dropped.  The  +20  constant  limited  values 
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obtained  by  the  original  formula  to  20  or  greater,  which  in  turn  limited 
the  VCI  to  34  or  greater. 

Factors  adjusted 

46.  In  addition  to  eliminating  the  multiplier  factor  and  the 
constant,  the  original  formula  was  further  revised  by  adjustment  of  the 
contact  pressure  factor,  weight  factor,  and  tire  factor.  Adjustments  of 
these  factors  are  discussed  below. 

47.  Contact  pressure  factor.  True  contact  pressure  of  moving 
wheels  over  soil  is  difficult  to  determine,  since  it  varies  with  soil 
strength,  tire  pressure,  speed,  wheel  slip,  and  possibly  other  elements. 

It  has  been  recognized  that  contact  pressure  is  probably  the  most  impor¬ 
tant  factor  in  evaluating  soft  soil  performance  of  a  given  tire.  Since 
the  development  of  the  original  mobility  index  formula,  tire  configura¬ 
tions  have  changed;  for  example,  for  Terra-tires,  low-profile  tires,  air 
bags,  and  others,  rim  diameter  may  be  small  when  compared  to  the  overall 
diameter  of 'the  tire.  For  the  "standard"  military  tires,  such  as  9*00- 

20  and  11.00-20,  the  overall  diameters  can  be  closely  approximated  as  twice 
the  nominal  width  plus  rim  diameter,  or  twice  the  rim  diameter,  while  for 
a  Terra -tire  36x20-l4R  the  overall  diameter  of  36  in.  is  roughly  two  and 
one-ha.’f  times  the  rim  diameter  of  14  in.  For  the  range  of  tires  con¬ 
sidered,  the  tire  radius  was  more  suitable  than  the  rim  diameter  in  deter¬ 
mining  the  contact  pressure  factor.  If  the  tire  diameter  cannot  be  meas¬ 
ured,  then  for  the  standard  military  tires  it  can  be  approximated  from 
nominal  width  and  rim  diameter,  and  for  the  Terra-tires  it  can  be  approxi¬ 
mated  from  the  tire  size  stamped  on  the  tire  by  the  manufacturer.  The 
revised  contact  pressure  factor  is  as  follows: 


Contact  pressure  factor 

tire  width,  in., 

48.  Weight  factor. 


gross  weight  of  vehicle,  lb _ 

x  outside  diameter  pf..tlreJ_ln.  x  „0-  of  tlreg 


The  weight  factor  was  modified  to  use  four 
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1 


weight  ranges  and  a  weight  factor  equation  for  each  range.  The  equations 
use  actual  weights  (in  kips)  of  the  vehicles  and  the  number  of  axles  to 
determine  the  weight  factor  for  the  mobility  index  formula.  The  weight 
factor  ranges  and  equations  for  each  weight  range  for  the  revised  formula 
are  presented  in  Appendix  A. 

49.  Tire  factor.  The  tire  factor  was  adjusted  by  addition  of  a 
constant  in  the  numerator  and  is  computed  as  follows: 


Tire  factor  = 


10  +  tire  width,  in. 


50.  The  constant,  10,  was  used  to  decrease  the  effect  of  tire  width 
on  the  overall  mobility  index.  This  constant  was  found  to  be  necessary 
to  correct  for  inclusion  of  Terra-tires  and  large  construction -equipment- 
type  tires,  and  was  obtained  by  trial -and-error  adjustment  until  the 
best  value  was  obtained. 

Factors  not  adjusted 


51.  The  following  factors  remained  'unchanged:  grouser  factor, 
wheel-load  factor,  clearance  factor,  engine  factor,  and  transmission 
factor. 

Comparison  of  experimental 
and  computed  vci's  for 
original  and  revised  formulas 

52.  Comparisons  of  experimental  and  computed  VCI's  are  shown  in 
table  4.  In  table  4  the  vehicles  have  been  assigned  a  number  for  conven¬ 
ience;  the  vehicle  with  the  highest  VCI  is  "l"  and  the  vehicle  with  the 
lowest  VCI  is  "20."  Experimental  VCI’s  ranged  from  185  for  vehicle  1 
(LeTourneau  electric  digger)  to  20  for  vehicle  20  (l/2-ton  M274  carrier); 
however,  a  gap  in  VCI  data  appears  between  VCI's  of  150  and  75  >  indicating 
a  need  for  further  testing  of  vehicles  with  heavy  wheel  loads  (expected  to 
have  VCI's  within  this  range)  to  further  test  the  applicability  of  the 
revised  formula.  Comparisons  show  that,  generally,  the  original  formula 
computed  VCI's  lower  than  the  experimental  VCI  for  the  heaviest  vehicles 
(vehicles  1  through  about  9)  and  computed  VCI's  higher  than  experimental 
for  the  lightest  vehicles  (vehicles  10  through  20).  The  absolute  average 
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VCI  unit  error  of  the  original  formula  was  19.0  for  all  vehicles,  and 
8.2  excluding  vehicles  1  and  2  which  were  greatly  in  error.  VCI  unit 
errors  for  the  revised  formula  showed  an  absolute  average  of  3.6  for  all 
vehicles,  and  of  3*2  excluding  vehicles  1  and  2.  In  terms  of  percent 
error,  the  average  for  the  original  formula  was  26. 4$  (range  from  2.0$  to 
130.0$)  and  for  the  revised  formula  was  6.1$  (range  0$  to  14.5$).  The 
revised  formula  showed  percent  error  lower  than  the  original  formula  per¬ 
cent  errors  for  16  of  the  20  vehicles.  Comparisons  of  the  accuracy  of  the 
two  formulas  in  estimating  the  VCI  show  the  improvement  of  the  revised 
formula  over  the  original  formula  for  the  20  vehicles  investigated.  The 
improvement  is  shown  graphically  in  plate  2. 


Statistical  analysis 
and  evaluation  of 
mobility  index  formulas 

53*  Examination  of  the  previous  paragraph  and  table  4  shows  that 
the  revised  formula  produced  a  very  low  unit  error  and  percent  error 
when  the  computed  is  compared  with  experimental  VCI  values.  These  low 
deviations  of  VCI  with  the  revised  formula  and  the  fact  that  the  revised 
formula  is  as  simple  and  straightforward  as  the  original  formula  are 
sufficient  evidence  that  the  revised  formula  should  be  accepted  and  used 
for  future  computation  of  MI  and  VCI.  To  determine  if  improvement  in  pre¬ 
dicting  VCI  could  be  made,  a  more  complicated  statistical  analysis  was 
performed  on  the  factors  of  both  the  original  and  revised  MI  formulas  to 
determine  if  statistically  derived  formulas  could  be  produced  that  would 
improve  the  accuracy  of  VCI  predictions.  This  analysis  involved  the  use 
of  a  multiple  linear  regression  technique  wherein  mobility  index  formulas 
were  produced  that  considered  the  best  interrelation  of  the  eight  vehicle 
factors  in  the  formulas.  Evaluation  of  the  results  of  the  statistical 
analysis  was  made  in  terms  of  VCI  unit  error,  VCI  percent  error,  multiple 
correlation  coefficient  (R  ),  and  standard  error  of  regression  equation. 
The  details  of  the  analysis  and  evaluation  are  given  in  Appendix  B  and 
results  are  given  in  the  following  paragraphs.  The  two  multiple  linear 
regression  formulas  may  be  compared  with  the  original  and  revised  simpli¬ 
fied  formulas  in  Appendix  A. 


Sl»  i-lultiple  linear  regression  formula  based  on  factors  in  the 
original  formula.  Based  on  the  eight  factors  in  the  original  formula 
(paragraph  3>  Appendix  A),  the  multiple  regression  formula  becomes 


MI  =  0.65X1  +  26.34X2  -  102.84x3  -  201.80 


■where 


L  =  0.60  R1?  X 

1  L(3)  x 


x  (7)  x  (8)  +  10 


X2  =  0.60  [(5)  x  (7)  x  (8)]  +  10 
X3  =  0.60  [(6)  x  (7)  x  (8)] 

55.  Multiple  linear  regression  formula  based  on  factors  in  the 
revised  formula.  Based  on  the  eight  factors  in  the  revised  formula 
(paragraph  3j  Appendix  A),  the  multiple  linear  regression  becomes 


Ml  =  0.96xx  +  1.28x2  +  3*90X3  -  3.97 


where  _ 


(3)  x  (4) 


x  (7)  x  (8) 


X2  =  (5)  x  (7)  x  (8) 


X3  =  (6)  x  (7)  x  (8) 


56.  Comparisons  of  results  of  computing  VCI's  by  the  four  formulas, 

Comparisons  were  made  of  experimental  VCI's  from  table  4  and  VCI's 

computed  by  the  four  mobility  index  formulas  as  follows: 

_ Vehicle  Cone  Index _ 

Unit  Error  Percent  Error 

Absolute  Absolute 

_ Formula  Average  Range  Average  Range 


Original  (Appendix  A,  19.0  1- 

paragraph  3) 

(Continued) 


1-132  26.4 


2.0-130.0 
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Vehicle 

Cone  Index 

Unit 

Error 

Percent 

Error 

Formula 

Absolute 

Average 

Range 

Absolute 

Average 

Range 

Original,  regression 
(paragraph  54) 

9.1 

0-34 

18.7 

0-91.9 

Revised  (Appendix  A, 
paragraph  3) 

3.6 

0-9 

6.1 

0-14.5 

Revised,  regression 
(paragraph  55) 

3.2 

0-7 

6.1 

0-20.0 

57*  The  tabulation  above  shows  that  considerable  improvement  was 
made  in  the  original  formula  merely  by  using  the  multiple  regression 
equation,  and  that  still  further  improvements  were  made  by  using  the  re¬ 
vised  formula.  The  multiple  regression  form  of  the  revised  formula 
effected  only  a  slight  increase  in  average  VCI  prediction  accuracy.  Since 
the  improvement  of  the  revised  multiple  regression  formula  (paragraph  55) 
over  the  simplified  formula  (Appendix  A,  paragraph  3)  is  only  slight,  it 
is  suggested  that  the  simplified  form  be  adopted,  especially  for  field 
application. 


Validity  of  Revised  Formula 


58.  Results  of  tests  with  vehicles  different  from  those  used  in 
revising  the  MI  formula  were  used  to  check  the  validity  of  the  revised 
formula.  Individual  test  results  considered  were  those  wherein  test  data 
were  insufficient  to  determine  the  experimental  VCI.  The  following  tabu¬ 
lation  lists  data  source  and  vehicles;  details  are  given  in  table  5  and 
graphical  comparisons  are  shown  in  plate  3* 

Data  Source 
(See  Literature 


Vehicle _  Cited) 


l/+-ton  M38  truck,  4x4  11 
2-l/2-ton  M135  truck,  6x6  11 
2-l/2-ton  M34  truck,  6x6  11 
5-ton  M4l  truck,  6x6  11 
5-ton  M62  wrecker,  6x6  11 

3/4-ton  M37  truck,  4x4  12 
2-1/2 -ton  CCKW353  truck,  6x6  12 


(Continued) 
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Data  Source 
(See  Literature 


Vehicle _  Cited) 


2-l/2-ton  M47  truck,  6x6  12 
(two  gross  weights) 

5 -ton  M4l  truck,  6x6  12 

2-l/2-ton  M34  truck,  6x6  13 
2-l/2-ton  M34  truck  (mod  No.  1),  6x6  13 
2-l/2-ton  M34  truck  (mod  No.  2)  ,  6x6  13 
2-l/2-ton  M35  truck,  6x6  13 
2-l/2-ton  M35  truck  (mod),  6x6  13 

2-l/2-ton  XM410  truck,  8x8  13 
5 -ton  M54  truck,  6x6  13 
5 -ton  M4l  truck  (mod) ,  6x6  13 
5 -ton  scamp,  4x4  13 
5-ton  XM453E2  truck,  8x8  13 

5 -ton  XM520  GOER,  4x4  13 
8-ton  XM520E1  GOER,  4x4  13 
8-ton  XM409E8  truck,  8x8  13 
16-ton  XM437E1  GOER,  4x4  13 

3/4-ton  XM408  truck,  6x6  14 
1-1/2 -ton  FC170  truck,  4x4  l4 
8-ton  XM520E1  GOER,  4x4  14 
16-ton  XM438E2  GOER,  4x4  14 


59.  In  constructing  plate  3  the  computed  VCI  of  each  vehicle  was 
plotted  against  the  rating  cone  index  of  the  critical  soil  layer  for  each 
test  for  that  vehicle.  Also  in  plate  3  is  a  1-to-l  line  that  would 
indicate  100  percent  accuracy  if  all  go  ( noniramobili zat ion )  tests  plotted 
to  the  right  of  the  line  and  all  no  go  tests  plotted  to  the  left.  Plate 
3  shows  that  a  good  separation  of  go-no  go  tests  was  obtained.  Of  the 
64  tests  with  28  vehicles  the  revised  mobility  index  formula  predicted, 
on  a  go-no  go  basis,  with  89. 1  percent  accuracy.  Of  the  seven  tests  that 
plot  on  the  incorrect  side  of  the  separation  line,  five  tests  (15,  40,  44, 
49,  and  56)  plot  within  12  RCI  units  of  the  line.  Two  tests  (29  and  58) 
plot  84  and  25  RCI  units  on  the  incorrect  side  of  the  line.  An  examina¬ 
tion  of  basic  data  showed  test  29  to  have  been  conducted  on  a  silty  sand 
(93$  sand,  7$  silt)  in  which  the  remolding  test  indicated  no  change  in 
strength  should  occur  with  traffic  (remolding  index  was  1+),  but  appar¬ 
ently  a  strength  change  did  occur.  Basic  data  for  test  item  58  was  limited 
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in  quantity  but  so  were  data  for  test  items  47  through  60j  therefore,  a 
basis  exists  for  elimination  of  test  29  as  an  outlier  but  not  test  58. 
With  elimination  of  test  29,  accuracy  of  prediction  becomes  90.5$. 
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PART  IV:  SUMMARY  OF  TEST  RESULTS,  AND  RECOMMENDATIONS 


Summary  of  Results 

60.  A  summary  of  results  of  the  test  program  reported  herein  is 
given  below. 

a.  Field  tests  were  sufficient  to  establish  experimental  VCI's 
for  10  vehicle  types  (paragraph  42)  as  follows: 


Vehicle 

VCI 

Vehicle 

VCI 

16-ton  XM438E2 
with  chains 

60 

3/4-ton  M37 
empty 

50 

16-ton  XM438E2 
without  chains 

62 

3/^0*  M37 
loaded 

58 

Toumadozer 

60 

Willys  station 
wagon 

50 

Bucket  loader 

50 

l^A-ton  M151 
truck  mod 

23 

l-l/2-ton  power 
wagon 

42 

l/2-ton  M274 
carrier 

20 

b.  A  rt  :sed  MT  formula  was  developed  from  the  experimental 
VCI's  listec  above  and  experimental  VCI's  for  ten  other 
vehicles  (paragraph  43).  The  accuracy  of  predicting  VC  I 
with  the  original  and  revised  formulas  is  compared  below: 

_ Vehicle  Cone  Index _ 

Unit  Error  Percent  Error 

Absolute  Absolute 

Formula  Average  Range  Average  Range 

Original  19.0  1-132  26.4  2.0-130.0 

Revised  3.6  0-9  6.1  0-14.5 

c.  A  check  on  the  validity  of  the  revised  formula  using  results 
from  63  tests  with  28  vehicles  (not  used  in  development  of 
revised  formula)  shows  that  the  revised  MI  formula  pre¬ 
dicted,  on  a  go-no  go  basis,  with  90*5 1o  accuracy  (paragraph 
59  and  plate  3)» 


Recommendations 


6l.  It  is  recommended  that: 


a. 


The  revised  formula  be  adopted  for  use  in  computing  VCI's 
for  self-propelled  all -wheel-drive  vehicles. 


35 


ttMUMMMNMMMM 


knr 


Field  tests  be  conducted  with  a  few  vehicles  with  VCI's 
in  the  range  between  75  and  150;  very  little  experimental 
data  exist  for  this  range. 

Further  investigation  be  made  to  determine  if  data  herein 
and  the  revised  formula  (perhaps  modified)  can  be  used  to 
compute  VCI  requirements  on  seme  basis  other  than  50  passes. 
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Table  2 

Summary  of  lata  and  ' 

Test 

Ismobi  Il¬ 
lation 

Ye3 

or  fass 

Data 

Tass 

Average  Con? 

Index 

Average  Cone  Index  of 
Layers 

Remolding  Index  of 
Layers 

location 

Up. 

12 

Ho. 

Ho. 

9 

12 

15 

ifl 

21 

22 

mm 

mm 

0-6 

■REJ 

mzum 

vam 

12-18 

12-11 

16-ton  XFM8E2  GOER.  2x2  Tanker 

Test  U 

fort 

Leo,  Vn, 

26 

Yes 

1 

0 

23 

66 

29 

2o 

81 

128 

169 

216+ 

225+ 

261+ 

282 

53 

55 

60 

86 

126 

0.36  0.22 

0.7 6 

fort 

Leo,  Va. 

27 

Yes 

1 

0 

1 

95 

92 

72 

75 

)2 

112 

156 

190+ 

197+ 

262+ 

300+ 

87 

Oo 

80 

93 

120 

0.2?  0.38 

0.77 

fort 

Leo.  Va. 

28 

Yes 

2 

0 

62 

98 

75 

70 

76 

85 

128 

192 

223+ 

291+ 

283+ 

79 

81 

72 

77 

96 

0.37  0.22 

0.59 

1 

63 

22 

30 

28 

52 

82 

132 

202+ 

223+ 

277+ 

287+ 

fort 

Lee,  Va. 

29 

Mo 

50 

0 

66 

88 

71 

lie 

192 

238 

260+ 

282+ 

297+ 

293+ 

293+ 

75 

90 

125 

181 

231+ 

0.32”  0.38 

0.80 

1 

~Q 

57 

56 

38 

122 

203 

236+ 

272+ 

283+ 

292+ 

292+ 

5 

32 

52 

92 

122 

199 

257+ 

282+ 

286+ 

28o+ 

297+ 

300+ 

11 

23 

92 

122 

183+ 

227+ 

276+ 

282+ 

292+ 

297+ 

300+ 

50 

82 

136 

186+ 

223+ 

280+ 

300+ 

Fort 

lee,  Va. 

30 

Mo 

50 

0 

90 

63 

82 

118 

183 

220+ 

250+ 

206+ 

292+ 

293+ 

300+ 

86 

95 

128 

180+ 

222+ 

0.32**  0.63 

0.58 

l 

56 

21 

52 

108 

166 

220+ 

2 62+ 

282+ 

28o+ 

290+ 

299+ 

2 

29 

62 

102 

127+ 

182+ 

222+ 

272+ 

283+ 

292+ 

300+ 

50 

52 

118 

160 

226+ 

26  + 

279+ 

296+ 

300+ 

Fort 

Lee,  Va. 

31 

Yes 

6 

0 

60 

72 

70 

92 

120 

157 

202+ 

226+ 

222+ 

273+ 

2  y2+ 

68 

79 

92 

123 

160+ 

O.32**  0.60 

0.72 

1 

52 

57 

50 

66 

112 

176+ 

2^3+ 

223+ 

222+ 

262+ 

283+ 

5 

21 

52 

80 

127 

127 

173+ 

216+ 

267+ 

271  + 

286+ 

23c+ 

Fort 

Lee,  Va. 

32 

Yes 

4 

0 

60 

100 

81 

82 

no 

156 

193+ 

227+ 

252+ 

262+ 

273+ 

60 

88 

92 

117 

155+ 

0.32*»  0.62 

0.78 

1 

66 

36 

3o 

38 

82 

122 

200+ 

252+ 

286+ 

292+ 

296+ 

Fort 

Lee,  Va. 

33 

Mo 

50 

0 

67 

82 

63 

92 

156 

216+ 

272+ 

290+ 

295+ 

300+ 

78 

01 

111 

155+ 

215+ 

0.32**  0.77 

0.66 

1 

68 

50 

50 

69 

122 

200 

267+ 

293+ 

297+ 

300+ 

5 

33 

28 

77 

142 

213+ 

272+ 

292+ 

293+ 

300+ 

10 

32 

90 

136 

216+ 

266+ 

291+ 

298+ 

300+ 

50 

65 

159 

225+ 

260+ 

266+ 

297+ 

300+ 

16-ton  XM238F 

GOER 

.  2x2  Tanker, 

Test  Wej 

fort 

Lee,  Va. 

21 

Ho 

50 

0 

88 

162 

116 

133 

180 

21'+ 

255+ 

282+ 

290+ 

2  >5+ 

296+ 

123 

138 

1**3 

177 

213+ 

0.32 0.62 

0.22 

1 

82 

118+ 

118+ 

120+ 

182+ 

216+ 

250+ 

280+ 

29:>+ 

093+ 

300+ 

10 

33 

61 

72 

79+ 

102+ 

131+ 

152+ 

159+ 

162+ 

179+ 

180+ 

25 

52 

92 

103 

1*0 

196+ 

223+ 

242+ 

252+ 

252+ 

266+ 

272+ 

50 

62 

99 

130 

162+ 

232+ 

26u+ 

28 2+ 

286+ 

266+ 
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300+ 

Fort 

Lee,  Va. 

22 

Mo 

50 

0 

66 

92 

JO 

113 

167 

212 

253+ 

272+ 

2' >2+ 

3X+ 

83 

98 

123 

165 

211+ 

0.32'-*  C.62 

0.50 

1 

62 

97 

78 

91 

120 

196 

236+ 

272+ 

2>+ 

296+ 

296+ 

10 

28 

55 

81 

121 

17;‘+ 

218+ 

26'+ 

292+ 

300+ 

50 

22 

102 
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236+ 

272+ 

291+ 

292+ 

293+ 

296+ 

300+ 
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Lee,  Va. 

?2 
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l 

0 

52 

60 

CC 

26 

62 
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222+ 

27  + 

293+ 

59 

57 

59 

70 
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0.22  0.50 

0.72 
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25 

Yes 

2 

0 

26 

68 

62 

53 

77 

116 
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t23+ 

233+ 
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293+ 

59 

61 

62 

82 

115 

0.38  0.56 

0.2U 
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7  C 
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no 
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20(+ 

266+ 
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96 
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2t)6 
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0.32**  O.65 

0.67 

1 

66 

68 

59 

110 

177 

235+ 

286+ 

300+ 

5 

22 

28 

76 

132 

213+ 

267+ 

300+ 

11 

36 

72 

105 

17  -+ 

263+ 

263+ 

2'.Hu+ 

50 

72 

126+ 

222+ 

275+ 

286+ 

298+ 

300+ 

Fort 

Lee,  Va. 

35 

Ye3 

2 

0 

88 

92 

88 

116 

160 

216 

256 

272+ 

2>2+ 

2>  + 

2"2+ 

90 

99 

121 

162 

211 

0.32 »•  0.25 

0.60 

1 

79 

56 

21 

79 

162 

236 

286 

296+ 

300+ 

Tournalozcr,  .x2  Tractor,  Tes 

Vicksburg,  Mi  ss . 

Mo 

50 

0 

36 

58 

72 

82 

102 

112 

112 

126 

139 

125 

156 

56 

72 

87 

99 

109 

0.82 

0.80 

1 

65 

80 

106 

ni 

112 

12T 

132 

123 

156 

158 

10 

72 

76 

>* 

120 

132 

136 

158 

lCu. 

i6o 

167 

1*30 

30 

0* 

75 

102 

136 

162 

191 

216 

232 

227 

26o 

269 

50 

(Cent  inucd 

Koto:  ♦  indicates  that  at  least  one  Cl  volu  (greater  than  300  ms  lure  I  In  deturs.lnlnr  'to  average. 

Underlined  RCI’s  wore  used  in  analyse3  to  determine  VCI. 

0,  3,  G,  etc.,  in  column  headings  indicate  depths  (in  inches)  at  which  Cl's  were  measured.  0-f,  ’l-),  etc..  Indicate  depths  of  soil  layers. 

*  Puts  w> re  eicasured  after  Vihlelc  was  retrieved. 

**  Rcncldlni’  Index  was  estimat’d  from  adjacent  test  areas. 
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'ankoi 

Test 

Weir.ht 

-  ?8 

.310  lb 

(with  Chains) 

0.42 

O.76 

19 

21 

51 

96 

27.2 

22.9 

26.6 

90.8 

99.2 

89.2 

12.4* 

Vehicle  immobilized  on  1st  pass,  but  was  able  to  extricate  itself 

0.38 

0.77 

41 

34 

22 

54 

92 

39.9 

26.2 

23.5 

75-7 

95.0 

101.7 

34.3 

Vehicle  immobilized  on  1st  pass,  undercarriage  dragging 

0.24 

0.59 

29 

24 

18 

32 

57 

26.0 

20.0 

20.6 

88.4 

100.4 

103.2 

-- 

Vehicle  immobilized  on  2d  pass,  undercarriage  on  ground 

0.38 

0.80 

26 

32 

48 

107 

185+ 

22.1 

20.0 

18.3 

96.2 

100.0 

108.0 

1.6 

(  H 

Some  wheel  slip  occurred  after  about  32  passes;  however,  vehicle  com¬ 
pleted  50  passes  but  with  some  difficulty 

11.0 

16.2 

0.63 

0.58 

29 

46 

81 

10&f 

130+ 

28.0 

23.8 

24.7 

90.4 

99-5 

100.5 

2.6 

10.3 

17.2 

Vehicle  was  immobilized  on  2d  pass  when  wheels  sank  deep  In  a  soft 
spot.  Undercarriage  was  not  dragging.  After  considerable  maneu¬ 
vering,  vehicle  was  able  to  move  forward  through  the  test  lane. 
Vehicle  was  able  to  continue  traffic  and  complete  50  passes  with 
nc  further  difficulty 

0.60 

0.74 

23 

37 

2. 

82 

11  &t 

25.1 

17.7 

23.0 

86.3 

98.5 

99-2 

1.0 

7.8 

Vehicle  wheels  began  slipping  on  4th  pass  and  vehicle  wa3  immobilized 
on  6th  pass.  Undercarriage  was  not  dragging.  Able  to  continue 
traffic  with  considerable  difficulty  and  only  by  UBing  "wagon¬ 
steering"  action.  Completed  10  passes,  test  was  then  halted 

0.62 

0.78 

27 

42 

82 

121+ 

30.9 

21.1 

25.9 

— 

““ 

*• 

:Y& 

Vehicle  immobilized  on  4th  pass  in  reverse  but  moved  forward  out  of 
test  lane.  ^centered  test  lane  going  forward  and  was  able  to 
complete  5th  pass  by  using  "wagon-steering"  action 

0.77 

0.66 

27 

49 

§2 

112+ 

142+ 

25.3 

18.4 

22.9 

0.7 

6.4 

11.0 

16.9 

Vehicle  wheels  began  slipping  on  25t;  pass.  Completed  50  passes  with 
some  difficulty 

ker. 

Test  Woirlvt  * 

38.310  lb  (Without  Chains) 

0.62 

0.42 

42 

66 

fiQ 

92 

92+ 

24.4 

25.5 

26.0 

98.1 

98.3 

93.4 

1.1 

5.6 

9.5 

14.4 

Test  area  coverrd  with  blade  grass.  Crete  wheel  clip  occurred  after 
?2d  pars,  but  vehicle  completed  50  passec  with  very  little 
difficulty 

0.62 

0.50 

28 

'*7 

il 

92 

106+ 

31.0 

22.0 

25.1 

87.2 

102.2 

98.+ 

1.4 

6.2 

15.1 

Vehicle  whcelc  began  slipping  on  4oth  pass;  however,  vehicle 
completed  50  pannes  but  with  come  difficulty.  Undercarriage 
was  net  dragging 

0.50 

0.72 

14 

21 

£2 

43 

76 

32.0 

24.0 

23.4 

85.8 

96.6 

99.6 

15.6- 

Vehicle  inrtobilized  on  1st  pass,  undercarriage  was  dragging 

0.56 

0.48 

22 

29 

21 

43 

55 

2e.8 

27.8 

24.0 

86.9 

86.0 

98.6 

-• 

Vehicle  completed  1st  pass  with  considerable  difficulty.  Immobilized 
on  2d  pass,  undercarriage  was  dragging 

0.65 

O.67 

33 

60 

100 

136 

168 

18.3 

20.6 

22.3 

104.7 

101.4 

u.6 

4.3 

7.9 

14.2 

Vehicle  wheels  began  slipping  after  0  passer,  and  vehicle  had 
more  troubl<  when  traveling  in  reverse  than  in  forward.  Cm- 
pleted  50  parr,  c  with  wheel  clip  throughout  the  entir.  tort 
lane.  Undercarriage  wac  net  dragging 

D.45 

0.6c 

31 

40 

s4 

es+ 

127 

25.6 

21.2 

23.6 

91.8 

103.4 

-- 

1.0 

V.  hi  war  tr/ioblllzed  on  4th  pars  when  wheels  slipped,  but  no 

iui  rcarriag-'  ilragglng  incurred.  It  could  not  go  forward  or 
backward  mor<  than  4  to  >  ft.  Vehicle  was  able  to  climb  out 
of  test  lane  ly  using  its  full  "wagon-steering"  ncticn 

tractor.  Test  Wclcht  ■ 

31,370 

lb 

).84 

0.80 

— 

-- 

SI 

81 

87 

61.9 

45.9 

40.2 

60.1 

74.0 

79.-* 

2.6 

5.e 

Vehicle  began  to  drag  on  33d  pass.  Comp let  J  50  rosscs  without  con¬ 
siderable  difficulty 

9.1 

11.9 

(Continued) 
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(1  of  £  sheets) 


*  Ruts  were  measure  1  after  vehicle  was  retrieved. 

•*  Remold  ini  index  was  estlnat-d  I'rti  adjacent  test  ar<  a. 
t  One-pass  rut  iepth. 
tt  fee  remarks  eolunn. 
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Table  2  (Continued) 


pnollinc  Index  of  Rating  Cone  Index  of 
Lavers  Layers 

g  & 12  T2TTB  0-6  3-9  £-12  >1?  12715 


Moisture  Content  Dry  Density 

of  Layers,  of  Layers  Rut 

i  Dry  Wt  PCf _  Depth 

0-6  6-12  12-18 - 0^  6-12  12- IB  in. 


Renarks 


■actor.  Test  Weight  -  ^ 1.370  lb  (Continued 
0.74  0.72  --  --  52  63 


0.77  0.78 


62  72  77 


0.87  0.8l 

0.80  C.86 


_57_  66  74 
44  58  73 


0.88  0.80 


59  67  70 


0.78  0.69 


48  50  50 


0.68  0.79 


38  44  48 


0.66  0.64 
0.63  0.78 


46  53  54 
40  47  55 


Rough  Terrain.  Test  Weight  -  30.625  lb 


0.58  0.69  36  44  51  67  94 

0.46  0.78  37  39  40  62  106 

0.36  0.42  18  22  31  49*  75+ 


0.58  0.26  31  43  60  55  46+ 


O.69  0.59  41  68  81  76  81 


L  4x4  Tractor.  Test  Weight  ■  13,815  lb 


y  0.76  0.60  30  43  52  62  66 


**  0.72  0.81  27  33  4b  56  70 


5”  0.78  0.79  26  32  40  48  56 


0.74  0.60  23  33  34  32  29 


0.69  0.63  17  25  26  22  _20 

0.82  0.71  32  4  0  4l  36  36 


(C<  rtlnael ) 


71 

75.4 

52.9 

38.9 

48.4 

68.0 

77.3 

4.6 

10.1 

13.0 

77 

66.4 

48.3 

37.7 

57.0 

68.2 

75.2 

3.1 

6.3 

11.5 

74 

64.8 

53-0 

41.0 

55.7 

64.8 

72.9 

4*4 

9.9 

73 

75.0 

56.6 

40.8 

53.2 

65.0 

70.6 

5.0 

10.2 

15.3 

70 

59.6 

55.3 

42.7 

62.5 

39.4 

72.1 

4.7 

15.3 

50 

-- 

-- 

-- 

-- 

— 

-- 

— 

48 

83.4 

60.9 

47.2 

52.0 

63.8 

73.6 

— 

54 

79.0 

70.3 

51.6 

52.5 

57.9 

68.4 

-- 

55 

76.7 

57.4 

42.7 

54.2 

65.3 

77.5 

-* 

94 

35.7 

25.1 

23.2 

79.9 

99.5 

104.0 

-- 

106 

30.6 

22.9 

23.4 

88.5 

97.0 

102.2 

3.1» 

75+ 

30.8 

25.8 

27.0 

88.4 

97.7 

95.7 

— 

46+ 

27.2 

24.0 

40.4 

91.3 

93.5 

75.6 

5.5* 

81 

22.2 

21.0 

29.6 

97.6 

100.6 

91.9 

12. C* 

66 

70.6 

46.7 

45.5 

56.0 

70.6 

75.6 

2.2 

5.8 

11.6 

70 

69.3 

46.0 

4l.6 

56.3 

71.1 

76.6 

3.0 

7.6 

14.2 

56 

77.4 

52.0 

46.2 

51.2 

70.2 

73.6 

3-3 

9-4 

18.0 

29 

64. 2 

60.8 

45.6 

59.6 

64.2 

73.8 

-- 

20 

57.3 

64.4 

“5.6 

67.3 

61.4 

75.4 

14.7* 

36 

58.2 

62.7 

49.2 

65. 0 

62.2 

67.2 

-.5’ 

Vehicle  began  to  drag  on  l4th  pass,  slip  occurred  on  29th  pass, 


Vehicle  started  to  drag  on  36th  pass,  dragged  entire  test  lane  on  49th 


Vehicle  started  to  drag  on  10th  pass,  dragged  entire  test  lane  on  23d 
pass,  began  to  slip  on  30th  pass,  immobilized  on  33d  pass  traveling 
forward 

Vehicle  began  to  drag  on  12th  pass,  dragged  entire  lane  on  l8th  pass, 


Vehicle  began  dragging  on  20th  pass,  dragged  entire  test  lane  on  32d 
pass.  Vehicle  was  immobilized  outside  of  test  lane  after  49th  pass 
but  was  pushed  back  into  test  lane  with  a  P7  caterpillar.  Vehicle 
completed  50th  pass  with  difficulty 


Vehicle  immobilized  on  3d  pass  with  undercarriage  dragging,  and  could 
not  extricate  itself.  Free  water  in  right  rut  but  none  in  left.  It 
is  believed  that  the  free  water  contributed  to  the  immobilization 


Vehicle  immobilized  on  1st  pass  with  undercarriage  dragging.  Data 
taken  or.  each  side  of  vehicle  at  point  of  immobilization 


Vehicle  completed  one  pass.  Ho  other  traffic  attempted 
Vehicle  immobilized  on  3d  pass  with  undercarriage  dragging 


Vehicle  immobilized  on  1st  pass  as  it  sank,  suddenly  and  undercarriage 
started  dragging 


of  rain 

Vehicle  immobilized  on  1st  pass,  undercarriage  dragging 


Vehicle  completed  50  passes  without  difficulty.  Tree  roots  in  test 


Vehicle  began  to  ii«g  on  33d  pass.  Completed  50  passes  with  extreme 


Vehicle  began  to  drag  on  17th  pass.  Cor.j  lcted  51  passes;  however, 


Vehicle  immobilized  on  31  pass  with  undercarriage  dragging.  Data  were 
taken  in  undisturbed  sell  near  point  cf  imob‘ llzatlnn 


lane.  Data  were  taker,  in  undisturbed  sell  near  point  of  lrriotlliza- 
t  Jon. 


table  was  about  4  in.  bclcv  surface,  could  not  extricate  itself 
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Table  2  (Continui 
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Irnobi  li- 
zatlen 


Test 

Yes 

or 

Pas  3 

Data 

Pass 

Average  Cone 

Index 

Average  Cone  Index 
Layers 

of 

Remolding  Index  of 
Layers 

I 

Location 

No. 

No 

Ho. 

Ho. 

mm 

pm 

■A 

? 

12 

■Q9 

mm 

21 

24 

JO 

~j£ 

0-^ 

6-12 

9-15 

12-18 

msim 

Bucket  Loader. 

Tractor,  Test  Weight! 

Vicksburg,  Miss. 

55 

Yes 

1 

0 

16 

28 

48 

46 

46 

44 

44 

52 

58 

61 

63 

31 

4l 

47 

45 

45 

0.75"* 

0.74 

0.53 

Vicksburg,  Miss. 

56 

Yes 

35 

0 

20 

32 

42 

57 

76 

90 

96 

96 

90 

98 

106 

31 

44 

58 

74 

0.75*1' 

0.80 

0.74 

a 

Vicksburg,  Miss. 

60 

Yes 

40 

0 

20 

32 

44 

58 

58 

58 

53 

58 

60 

65 

76 

32 

1*5 

53 

58 

58 

0.68 

0.82 

0.70 

a 

1 

31 

49 

59 

62 

59 

61 

60 

66 

68 

74 

86 

10 

24 

54 

74 

77 

91 

96 

98 

92 

88 

98 

no 

1 

4o 

26 

49 

73 

103 

126 

139 

142 

155 

173 

176 

193 

| 

Vicksburg,  Miss. 

Cl 

Yes 

4L 

0 

24 

46 

60 

65 

63 

56 

58 

70 

81 

92 

99 

1*3 

57 

63 

61 

59 

0.75'* 

O.69 

0.67 

m 

1 

32 

54 

69 

68 

62 

60 

66 

70 

80 

82 

97 

10 

30 

58 

75 

80 

102 

108 

110 

114 

119 

123 

126 

1*3 

28 

56 

72 

102 

123 

132 

137 

128 

122 

124 

152 

Vicksburg,  Miss. 

62 

Ho 

50 

0 

32 

74 

82 

82 

82 

76 

60 

82 

82 

89 

101 

63 

79 

82 

80 

79 

0/75** 

0.79 

0.80 

1 

76 

ec 

90 

92 

90 

88 

90 

93 

95 

107 

118 

1 

50 

74 

74 

78 

89 

100 

11 3 

133 

150 

173 

191 

218 

Vicksburg,  Miss. 

63 

Ho 

50 

0 

26 

46 

55 

71 

86 

91 

92 

98 

96 

97 

94 

42 

57 

71 

83 

90 

0.75 1 ** 

0.79 

0.78 

1 

6o 

64 

72 

76 

86 

82 

81 

69 

97 

96 

102 

50 

56 

63 

80 

102 

116 

133 

144 

146 

154 

148 

152 

Vicksburg,  Mi3s. 

77 

Yes 

ll 

0 

24 

30 

36 

52 

64 

62 

62 

64 

60 

60 

60 

30 

39 

51 

59 

63 

0.75 

0.80 

0.76 

p 

1 

>*9 

52 

57 

58 

63 

60 

63 

60 

59 

60 

60 

10 

30 

4l 

44 

62 

82 

101 

114 

124 

134 

138 

138 

1 

l-l/P 

-ton  Power  Wagon  (Modified), 

H 

Fort  Eustis,  Ya. 

2 

Yes 

8 

0 

20 

72 

58 

54 

69 

91 

102 

101 

101 

96 

103 

50 

61 

60 

71 

87 

0.44 

0.31 

0.1*1 

p 

1 

22 

50 

52 

56 

5« 

72 

79 

82 

81. 

84 

89 

■ 

Fort  Lee,  Va. 

4 

Ho 

50 

0 

64 

112 

108 

120 

142 

196 

230+ 

282+ 

276+ 

292+ 

300+ 

95 

113 

123 

153 

198+ 

0.34*» 

0.38 

O.63 

10 

54 

105 

128 

168 

184 

236+ 

278+ 

297+ 

299+ 

300+ 

■L 

50 

60 

101 

130 

178 

21&t 

274+ 

285+ 

290+ 

296+ 

296+ 

297+ 

I 

Fort  Lee,  Va. 

5 

No 

50 

0 

50 

64 

7  6 

85 

153 

192 

230+ 

258+ 

286-+ 

294+ 

294+ 

63 

75 

105 

143 

192+ 

0.34** 

0.46 

0.44 

10 

50 

33 

62 

104 

165 

202+ 

256+ 

264+ 

283+ 

238+ 

291+ 

I 

50 

35 

70 

120 

158 

196* 

252+ 

270+ 

285+ 

288+ 

294+ 

296+ 

Fort  Lee,  Va. 

6 

Ho 

50 

0 

58 

91 

76 

96 

158 

209 

236+ 

265+ 

292+ 

293+ 

294+ 

75 

88 

no 

154 

201+ 

0.34*** 

0.54 

0.59 

P 

10 

50 

37 

56 

116 

172 

214+ 

240+ 

269+ 

290+ 

284+ 

297+ 

50 

42 

84 

132 

173 

214+ 

232+ 

258+ 

274+ 

283+ 

286+ 

292+ 

Fort  Lee,  Va. 

9 

Yes 

15 

0 

58 

73 

78 

72 

110 

164 

229+ 

268+ 

282+ 

290+ 

292+ 

70 

74 

87 

115 

168+ 

0.34*« 

0.46 

0.65 

*r 

5 

58 

46 

44 

48 

100 

178 

250+ 

285+ 

295+ 

300+ 

8 

63 

32 

39 

68 

108+ 

170+ 

206+ 

239+ 

259+ 

292+ 

298+ 

14 

50 

28 

41 

74 

128 

182+ 

228+ 

264+ 

266+ 

300+ 

Fort  Lee,  Va. 

11 

Yes 

8 

0 

50 

60 

43 

46 

74 

109 

152 

196+ 

221+ 

260+ 

290+ 

51 

50 

55 

77 

112 

0.40 

0.53 

0.68 

•r 

2 

**7 

36 

26 

39 

76 

132 

180+ 

222+ 

256+ 

2Su+ 

298+ 

Fort  Lee,  Va. 

12 

Ho 

50 

0 

75 

84 

88 

80 

118 

157 

197+ 

202+ 

248+ 

262+ 

274+ 

82 

64 

95 

118 

157+ 

0.33 

0.46 

0.61 

1 

10 

56 

46 

64 

94 

146 

1*2+ 

220+ 

256+ 

263+ 

260+ 

286+ 

■ 

50 

24 

56 

111 

150 

197+ 

24 0+ 

272+ 

288+ 

2/4+ 

300+ 

1 

Fort  Lee,  Va. 

23 

Yes 

11 

0 

62 

76 

66 

56 

70 

92 

133 

192+ 

235+ 

266+ 

28/+ 

68 

66 

64 

73 

98 

0.29 

0.50 

0.83 

w 

1 

60 

56 

54 

50 

60 

58 

126 

186+ 

220+ 

260+ 

277+ 

10 

32 

28 

30 

46 

79 

118 

179* 

225+ 

242+ 

271+ 

280+ 

Canp  Tervdleton,  Va. 

55 

Ho 

50 

0 

31 

f 

80 

105 

124 

122 

101 

89 

96 

109 

104 

56 

81 

103 

117 

11( 

0.45 

0.55 

0.52 

z 

1 

26 

57 

76 

110 

124 

120 

ill 

96 

88 

96 

105 

5 

26 

43 

74 

99 

112 

122 

97 

89 

&7 

96 

98 

25 

20 

56 

104 

125 

122 

100 

84 

98 

89 

102 

no 

50 

26 

70 

112 

145 

120 

105 

86 

93 

99 

109 

117 

Conp  Rendition,  Va. 

56 

Yes 

38 

0 

25 

102 

55 

65 

70 

72 

65 

C8 

75 

115 

195 

61 

*1* 

63 

69 

69 

mm 

0.58 

•  • 

•  < 

5 

15 

38 

68 

52 

82 

C5 

62 

55 

80 

145 

238 

10 

10 

58 

62 

92 

95 

66 

60 

ICO 

102 

142 

230 

25 

10 

48 

45 

45 

88 

102 

72 

110 

192+ 

230 

300+ 

(Continued ) 

••  Remolding  Index  estimated  from  adjacent  test  areas. 

Ps 


Lding  Index  of  hating  Cone  Index  of 


Moisture  Content 
of  Layers, 


Dry  Density 
of  Layers, 


Layers 

Lavers 

jPPfK.  } 

E5EZ3 

pof 

6-12 

12-18 

o-£ 

hi 

6-12 

hll 

12-18 

OTS— 

6-12 

12-lfc 

0-6 

6-12 

12-16 

Ictor,  Test  Weight  » 

13.815  lb  (Continued) 

>  0.74 

0.53 

23 

31 

35 

29 

24 

47.7 

63.4 

72.6 

87.8 

61.0 

48.6 

•  0.80 

> 

0.74 

23 

33 

46 

57 

64 

75.0 

53.0 

41.5 

51.7 

62.2 

73.9 

0.82 

0.70 

22 

34 

43 

44 

4l 

74.8 

50.6 

57.4 

53.1 

65.9 

62.2 

►  0.69 

0.67 

32 

43 

43 

41 

40 

76.8 

51.3 

59.4 

52.4 

69.6 

63.' 8 

0.79 

0.80 

47 

59 

65 

64 

63 

66.2 

44.2 

49.0 

58.6 

76.4 

72.0 

►  0.79 

0.78 

32 

43 

56 

65 

70 

69.2 

47.2 

45.8 

56.7 

66.9 

73-9 

0.8c 

I 

0.76 

-O 

30 

41 

46 

48 

78.3 

57.0 

58.1 

51.4 

64.6 

62.8 

Bon  (Modified), 

Test  Weight  «  9400  lb 

0.31 

o.4i 

22 

23 

19 

26 

36 

107.4 

58.0 

30.6 

40.0 

65.8 

92.8 

0.38 

0.63 

32 

4l 

47 

76 

11&+ 

45.6 

26.8 

26.3 

75.0 

95.0 

107.8 

'  0,46 

0.44 

21 

30 

48 

64 

84+ 

29.4 

22.5 

23.0 

90.7 

101.2 

102.4 

'  0.54 

0.59 

26 

35 

59 

86 

119 

30.5 

22.6 

21.9 

89.4 

102.9 

106.0 

>  0.46 

0.65 

24 

30 

4o 

64 

109+ 

29.6 

26.0 

22.6 

87.8 

93.3 

101.2 

0.53 

0.88 

20 

23 

29 

54 

99 

34.1 

20.8 

24.2 

76.2 

100.4 

100.6 

0.46 

C.61 

27 

34 

44 

64 

96 

30.4 

23.6 

27.6 

86.2 

98.2 

92.2 

0.50 

0.83 

20 

26 

32 

48 

63 

44.4 

20.6 

21.4 

71.3 

101.0 

106.1 

0.55 

0.52 

25 

40 

57 

63 

60 

61.8 

21.1 

24.3 

60.2 

104.2 

100.2 

0.58 

37 

22.5 

22.9 

19.1 

100.0 

102.3 

Hut 

Depth 


u.u 

11.0 

14.4 


4.4 

10.5 

19-1* 


1.6 

10.0 


3.2 

13.5 


5.“* 

18.U 


0.7 


1.2 

5.5 


2.5 

12.0 


1.7 

9.0 


1.4 

1.9 

5.2 


1.7 


1.1 

8.6 


0.5 

4.2 


1.3 
1.8 

4.3 

6.7 


3.1 
4.9 

7.1 


Hemarks 


Vehicle  towed  into  test  lane  with  weasel,  could  not  travel  without 
aid  of  weasel,  immobilized  on  1st  pass.  Undercarriage  did  not  drag 

Some  evidence  of  root  structure  helping  to  support  vehicle  on  8th  pass. 
Vehicle  dragging  on  10th  pass.  Ho  level  and  rod  available  for  rut 
measurement.  High  slippage  on  25th  pass,  immobilized  on  35th  pass 

Vehicle  began  to  drag  on  13th  pass,  immobilized  on  both  pass.  Could 
not  extricate  itself 


Vehicle  began  to  drag  on  12th  pass,  immobilized  on  44th  pass  traveling 
in  reverse.  Vehicle  was  able  to  extricate  itself  in  forward 


Vehicle  completed  50  passes  with  ease 


Vehicle  began  to  drag  on  45th  pass,  completed  50  passes  with  wheel 
slips  occurring 


Vehicle  immobilized  on  11th  pass  traveling  forward,  undercarriage 
draggiig 


Vehicle  was  immobilized  on  8th  pass  as  deep  holes  developed  on  right 
side  of  test  lar.c.  Hut  depth  at  point  of  immobilization  was 
approximately  1.5  ft 

Vehicle  completed  50  passes  with  ease 


Vehicle  wheels  began  slipping  on  **2d  pass}  however,  vehicle  completed 
50  passes  with  a  little  difficulty.  Undercarriage  did  not  drag  at 
any  time 

Vehicle  completed  50  passes  with  ease 


Vehicle  immobilized  or.  15th  pass  when  wheels  began  to  slip.  Under¬ 
carriage  did  not  drag  at  any  time 


Vehicle  immobilized  on  6th  pass  when  it  could  not  negotiate  a  root 
across  the  rut.  Vehicle  was  retrieved  and  root  removed,  and 
vehicle  was  again  immobilized  on  Hth  pass  when  the  undercarriage 
began  to  drag 

Vehicle  conflicted  50  passes  witli  ease 


Vehicle  immobilized  on  11th  pass,  retrieved,  tut  Immobilized  on  1’th 
pass  when  back  axle  dragged  ground 


Vehicle  completed  50  }  asr.es  with  ease 


lest  conducted  on  silty  anl  beach  area.  Hut  began  t*  develop  on  1st 
pass,  and  after  10  passes,  wheels  were  pushing  mul  out  of  ruts. 

Some  wheel  slip  rn  dyth  (ass  and  undercarriage  began  to  drag  on  33d 
pass.  Vehicle  became  immobilized  on  3'\h  pass.  Data  listed  arc  for 
station  of  imobilizati'  1 
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Xwiobili- 


Test 

zation 

Yes 

cr  Pass 

Data 

Pass 

Avrrap 

e  Cone 

Index 

Average  Ctnc  Index  of 
Lavers 

Renoldlng  Index  of 
Lavers 

Rating 

Location 

No. 

Nc 

No. 

Ho. 

0 

3 

6 

9 

12 

J&. 

RSI 

mm 

24 

30 

o-C 

Jz2 

6-12 

?-15 

0^  3-9 

1-1/2 

-ton 

Power  Wagon  (Modified),  Test 

Weight  =  9 

Caap  Pendleton .  Va. 

57 

Yes 

4 

0 

32 

1*0 

55 

50 

62 

70 

70 

105 

148 

192 

280 

42 

48 

56 

61 

67 

Q.85  0.62  0.52 

36  36 

3 

8 

15 

23 

V* 

50 

152 

165+ 

200+ 

225+ 

275+ 

300* 

3A-ton  M37.  4x4  Truck.  Test  Weight  = 

Vicksburg,  Mies. 

19 

No 

56 

0 

21* 

61 

66 

7S 

87 

■•2 

100 

102 

109 

124 

135 

50 

68 

77 

86 

93 

0.77«*  0.89  0.80 

38  51 

l 

60 

8o 

73 

82 

85 

82 

92 

82 

78 

95 

120 

10 

70 

8o 

80 

85 

75 

82 

68 

82 

72 

65 

125 

56 

57 

79 

91 

73 

so 

81. 

80 

84 

96 

104 

114 

Vicksburg,  Miss. 

20 

Yes 

55 

0 

2L 

38 

49 

64 

62 

02 

98 

102 

111 

115 

131* 

37 

50 

65 

79 

91 

0.77* »  0.82  0.81 

28  38 

Vicksburg,  Miss. 

21 

Yes 

37 

0 

15 

25 

35 

55 

71 

81 

88 

81. 

e6 

82 

88 

25 

33 

54 

69 

80 

0.77*'  O.78  0.81 

19  28 

l 

1*0 

1*8 

53 

66 

69 

78 

90 

100 

99 

105 

116 

10 

30 

55 

63 

62 

63 

72 

74 

75 

81 

96 

100 

37 

21* 

Co 

74 

80 

92 

99 

102 

112 

120 

132 

133 

Vicksburg,  Miss. 

22 

No 

5n 

0 

20 

38 

50 

64 

76 

9C 

88 

9)* 

100 

114 

128 

36 

51 

63 

77 

85 

0.75**  0.77  0.86 

27  38 

1 

1*8 

54 

57 

69 

80 

8c 

81. 

96 

104 

110 

131 

10 

UO 

70 

6c 

80 

76 

81 

83 

38 

92 

102 

lit 

50 

30 

70 

83 

83 

62 

90 

96 

98 

102 

112 

126 

I 

Vicksburg,  Miss, 

30 

!!o 

50 

0 

22 

42 

43 

56 

63 

73 

So 

89 

88 

96 

103 

38 

49 

56 

64 

72 

0.75*"  0.75  0.74 

1 

28  37 

l 

1*2 

52 

52 

56 

62 

72 

75 

84 

36 

92 

108 

10 

1*1* 

66 

71 

70 

68 

72 

80 

88 

90 

98 

126 

50 

1.0 

72 

83 

92 

90 

91 

96- 

94 

101 

121 

144 

Vicksburg,  Miss. 

31 

Ho 

50 

0 

27 

U6 

46 

66 

67 

73 

75 

80 

84 

98 

114 

4o 

53 

60 

69 

72 

0.75"  0.76  0.74 

30  4o 

1 

1*6 

56 

56 

to 

70 

72 

75 

00 

88 

92 

111 

10 

1,0 

66 

74 

72 

66 

70 

78 

83 

06 

98 

115 

50 

39 

65 

87 

>4 

93 

92 

96 

101 

114 

118 

131* 

Vicksburg,  Miss. 

33 

Yes 

11 

0 

23 

30 

50 

56 

64 

66 

71 

74 

78 

80 

07 

34 

45 

57 

62 

67 

6.75**  0.74  0.77 

26  34 

l 

Lo 

1+4 

50 

62 

67 

75 

78 

84 

79 

81 

37 

10 

39 

59 

63 

55 

61 

64 

70 

72 

75 

3o 

81. 

Vicksburg,  Miss. 

39 

Ye" 

1 

0 

1 

6 

22 

44 

4,* 

45 

36 

36 

45 

52 

-- 

— 

24 

33 

46 

43 

39 

0.81  0.72  0.74 

19  29 

Vicksburg,  Miss. 

54 

iio 

50 

0 

28 

28 

36 

53 

61 

66 

68 

76 

85 

52 

CX 

31 

39 

50 

CO 

65 

0.86  0.88  o.ec 

27  3>*  , 

1 

1*6 

51 

55 

61 

62 

61. 

71 

76 

81 

07 

06 

10 

39 

53 

62 

63 

60 

Co 

61 

63 

Co 

04 

67 

50 

29 

50 

56 

6’. 

63 

64 

63 

73 

74 

70 

88 

Vicksburg,  Miss. 

a 

Yes 

10 

0 

22 

22 

30 

*♦6 

5v 

55 

50 

56 

50 

56 

64 

25 

33 

45 

53 

55 

O.83  0.7 J  0.62 

21  27 

1 

36 

1.0 

42 

39 

44 

46 

47 

55 

54 

68 

68 

10 

2b 

5r' 

co 

> 

52 

58 

64 

69 

74 

72 

76 

76 

17 

28 

48 

53 

.6 

53 

50 

60 

62 

70 

78 

86 

3/1 -ton  M3Y.  4x4  Truck,  Test 

Weight  m  1 

Vicksburg,  Mis  . 

65 

Yes 

l 

0 

22 

27 

32 

39 

48 

50 

58 

63 

60 

60 

62 

27 

33 

40 

48 

55 

0.70  0.70  0.66 

19  23  ] 

1 

25 

•* 1 

50 

50 

52 

55 

58 

61 

60 

73 

76 

Vicksburg,  Miss. 

a 

Ye  z 

3fc 

0 

28 

46 

51 

Cc 

62 

70 

76 

e3 

92 

106 

108 

42 

5i 

58 

6*. 

69 

o.0e  D.79  0.80 

34  42 

1 

'*5 

6c 

65 

64 

63 

72 

80 

91 

lot* 

106 

107 

10 

1*6 

72 

81. 

82 

70 

66 

90 

99 

112 

130 

144 

3« 

1*2 

5b 

8c 

90 

102 

112 

121 

134 

144 

154 

162 

Vicksburg,  ”iu  . 

Ye 

ie 

35 

73 

r< 

74 

74 

78 

83 

90 

96 

109 

115 

61 

7>» 

74 

75 

78 

0.5c  o.co  0.76 

34  43 

1 

51 

7.' 

79 

70 

71 

76 

76 

83 

06 

108 

112 

1 

1*1 

73 

7  c 

72 

74 

81. 

92 

104 

108 

104 

ic(. 

17 

1.2 

75 

61 

06 

50 

02 

95 

115 

U5 

128 

136 

(Cent i nued ) 

* '  Icr.oliing  Index  ostiaa'..  I  fpur.  1,1  a  ert  t«:  area  . 


11.5 


lame  test  area  as  preceding  test,  fane  wheel  slip  on  3d  pas3,  and 
vehicle  was  immobilized  on  4th  pans  when  left  nlde  sank  rather  sud¬ 
denly.  Data  listed  are  for  station  of  innobilizatlon 


69.6 

55.9 

51.1 

54.9 

64.1 

65.8 

1.6 

3.8 

9.4 

Vehicle  operated  as  4x2  for  complete  test,  completed  56  pannes  with 
ease,  did  not  drag 

64.8 

48.4 

43.0 

55.4 

71.6 

70.2 

Vehicle  began  operating  as  4x2,  started  clipping  and  dragging  on  10th 
pass,  lsnobllizod  on  16th  pass.  Front  drive  encased  and  test  con¬ 
tinued,  completed  50  passes  with  extreme  difficulty,  immobilized  on 
55th  pass.  Heavy  rain  occurred  during  time  test  was  conducted 

<8.8 

51.0 

41.6 

56.5 

70.7 

77. 7| 
1 

3.6 

1  8.9 

13.2 

Vehicle  began  operating  as  4x2,  experienced  high  slip  on  1st  pass. 
Vehicle  started  to  drag  on  13th  pass  going  forward.  Excessive  slip 
occurred  over  the  entire  test  lane  on  17th  pass.  Vehicle  immobilized 
on  20th  lass  traveling' in  reverse.  Front  drive  engaged  and  test  con¬ 
tinued.  Imobllizcd  on  3Yth  pass  traveling  forward,  was  able  to 
extricate  itself  in  reverse,  test  stopped 

<5.9 

47.3 

46.6 

59.0 

69.O 

69.2 

2.3 

7.4 
12.5 

Vehicle  began  o|>c rating  as  a  4x2,  started  to  drag  on  l6th  pass.  Expe¬ 
rienced  excessive  slip  on  20th  pass,  imobllizcd  on  28th  pass  travel¬ 
ing  in  reverse.  Front  drive  engaged  and  test  continued  with  vehicle 
operating  as  a  4x4,  Completed  50  passes  without  becoming  immobi¬ 
lized;  however,  it  was  having  extreme  difficulty 

£6.7 

47.1 

47.0 

57.9 

70.8 

72.6 

2.0 

6.5 

11.9 

Vehicle  began  ojeratlng  as  a  4x2,  started  dragging  on  19th  pass,  iroo- 
bllizcd  .n  40th  pass.  Front  drive  engaged  and  test  continued.  Com¬ 
pleted  50  passes  with  extreme  difficulty 

64.8 

52.8 

43.4 

61.1 

69.1 

74.7 

i 

1.9 

6.0 

11.3 

Vehicle  began  operating  as  a  4x2,  started  to  drag  on  17th  pass,  i mo¬ 
bilized  on  40th  [ass.  Front  drive  engaged  and  test  continued. 
Completed  50  passes  with  eise 

70.9 

60.8 

51.5 

53.2 

62.8 

c:.o 

2.6 

10.9 

Vehicle  began  operating  as  a  4x2,  immobilized  on  2d  pass.  Front  drive 
engaged  and  tost  continued.  Vehicle  started  to  drag  on  8th  pass. 
After  10-pacs  data  wer<  tnken  water  flowed  up  throurh  penetrometer 
holes.  Vehicle  irmiMllzed  on  11th  pass 

76.1 

67.0 

59.1 

55.1 

Co. 4 

kc 

7.5 

Vehicle  immobilized  on  1st  pass.  It  Is  believed  that  the  water  in  the 
ruts  e  rlbuted  to  the  immobilization,  Frer  water  in  small  depres¬ 
sions.  Water  table  about  1  in.  b<-lov  the  surface.  After  lnmnhillzn- 
tion  vehicle  could  not  extricate  itself;  undercarriage  did  not  drag 

70.1 

48.6 

52.5 

53-9 

70.2 

68.0 

3.1 

8.5 

14.3 

Vehicle  began  operating  os  a  4x2,  began  dragging  on  15th  pass.  Vehicle 
tilted  to  left  side,  immobilized  on  24th  pans.  Drive  engaged  and 
test  continued.  Vehicle  completed  50  pusses  with  extreme  difficulty, 
swales  and  ridges  in  ruts  apparently  caused  by  root  ntjticturc 

79.  £ 

59.2 

53.0 

50.6 

£4.'' 

70.2 

3.9 

11.5 

14.2 

30-ft  test  lane,  data  at  5-ft  intervals.  Vehicle  completed  17  passes 
w'v  extianc  difficulty,  immobilized  on  lfH.h  pass,  could  not  g” 
c  near 3  o>  backward 

70.8 

57.7 

53. c 

56.1 

£3.6 

6-9.4 

8.2 

Vehicle  could  net  travel  as  a  4x2.  As  a  4x4  the  vehicle  was  |>ullod 
into  the  test  lane,  traveled  for  35  ft.  and  was  immobilized 

71.4 

44.6 

53.7 

53.6 

74.8 

66.6 

1.9 

8.1 

12.9 

Vehicle  could  net  travel  a  4x2.  Front  drive  engaged  aid  test  con¬ 
tinued.  Vehicle  began  to  drag  on  13th  pans,  began  to  clip  on  25t.‘ 
pass,  immobilized  on  38th  pass.  Tree  roots  In  ruts  may  hnv 
affected  test  results 

45.2 

57.4 

46.9 

55.8 

67.3 

71.5 

1*8 

8.1 

10.3 

Vehicle  began  oj>crating  as  a  4x2,  started  drugging  anl  slipping  on  1.4th 
pass,  demobilized  on  18th  pass.  A  layer  of  .arid  about  “  in.  thick 
and  located  about  4  in.  below  the  surface  was  present  over  the  cntlr 
test  lane 

Tent 

Vos 

cr 

lass 

Lata 

l’as3 

Average  Cone 

Index 

nvrr  rigr 

Cone  Index 
layers 

or 

Remolding  Index  or 
Layers 

os; 

Location 

r;<  . 

Ko 

Ko. 

Ko. 

■EH 

9 

12 

■H 

21 

24 

J2- 

36 

ISM 

>0 

6-x2 

9-15 

12-18 

0-( 

3/4-tcn  M37 

.  *x*  Truck,  Tost  Weight  ■»  1 

Vicksburg,  Kiss. 

66 

Ho 

50 

0 

30 

59 

66 

72 

00 

78 

79 

81. 

83 

106 

114 

52 

66 

73 

77 

79 

0.65 

0.7 c  0.82 

44 

1 

54 

70 

78 

78 

76 

80 

88 

>* 

99 

112 

120 

10 

H8 

72 

83 

so 

03 

91 

101 

98 

106 

110 

lie 

50 

1*2 

70 

83 

lol* 

120 

132 

144 

IX 

150 

146 

153 

Vicksburg,  Miss. 

79 

Yes 

1 

o 

8 

35 

51 

1*0 

4o 

40 

1*5 

51 

58 

-- 

— 

31 

42 

44 

4o 

42 

0.81* 

0.80  0.8o<« 

m 

Vicksburg,  Miss. 

80 

Yes 

5 

0 

19 

1.8 

1.1. 

38 

1.0 

38 

44 

43 

52 

-- 

— 

37 

63 

41 

39 

4l 

0.93 

0.80  0.80" 

Wlllys  Station  Wagon.  Test  Wtial 

Vicksburg,  Miss. 

7- 

Yqz 

5 

0 

l* 

25 

1*1 

50 

47 

44 

44 

1*3 

45 

-- 

-- 

23 

39 

46 

47 

**5 

0.76 

0.72  0.72 

Vicksburg,  Miss. 

73 

Yes 

1 

0 

4 

22 

33 

1.5 

37 

36 

40 

42 

50 

— 

— 

20 

33 

38 

39 

38 

0.78 

0.74  0.71 

1 6 

VicksburG,  Miss. 

75 

Yes 

12 

0 

9 

01 

1*7 

53 

53 

57 

61. 

63 

77 

98 

107 

29 

44 

51 

54 

58 

0.71* 

0.67  0.60 

21 

Vicksburg,  Miss. 

88 

ies 

32 

0 

30 

1*2 

53 

68 

68 

66 

76 

78 

84 

97 

114 

42 

54 

63 

67 

70 

0.77“ 

vb 

0 

d 

32 

1 

1.2 

50 

5'* 

62 

60 

66 

78 

97 

106 

114 

128 

10 

39 

61 

65 

65 

65 

32 

100 

ic6 

112 

123 

132 

37 

*•0 

51* 

71 

7* 

93 

110 

120 

131 

132 

131 

14 1 

Vicksburg,  Miss. 

89 

Yes 

48 

0 

32 

1*5 

54 

64 

65 

69 

93 

94 

105 

114 

124 

44 

54 

61 

66 

72 

0.80 

0.76  0.76 

35 

1 

1*1* 

52 

53 

60 

64 

71 

92 

105 

110 

124 

141 

10 

1*8 

60 

68 

64 

6* 

87 

101 

111 

122 

13'* 

130 

48 

3!* 

62 

67 

8c 

100 

107 

121 

142 

15'* 

158 

160 

Vicksburg,  MlS3. 

S<u 

Yes 

lU 

0 

32 

59 

66 

00 

64 

66 

78 

39 

99 

108 

110 

52 

62 

63 

63 

69 

0.77“ 

0.66  0.74 

‘*0 

1 

1*1. 

CL 

71* 

56 

64 

74 

81* 

102 

107 

111 

123 

10 

1*2 

66 

72 

68 

73 

92 

100 

110 

122 

124 

133 

14 

39 

50 

60 

62 

72 

85 

104 

114 

116 

117 

122 

Vicksburg,  Miss. 

91 

Ho 

50 

o 

30 

1*6 

62 

70 

72 

70 

70 

72 

88 

94 

98 

46 

59 

68 

71 

71 

0.77“ 

0.78  0.79 

35 

1 

56 

61 

66 

70 

70 

73 

72 

74 

88 

98 

103 

10 

52 

64 

65 

64 

64 

70 

71 

79 

86 

92 

94 

50 

55 

70 

80 

74 

72 

76 

86 

92 

98 

106 

114 

1 

1/4-ton  Ml 51 

,  4x4  Truck  (Modified), 

Tc< 

Fort  Eustls,  Va. 

1 

Yes 

27 

0 

12 

1*6 

1*5 

43 

52 

59 

68 

81 

92 

102 

100 

31* 

45 

47 

51 

60 

C.36 

0.40  0.31 

12 

1 

13 

1*5 

38 

40 

54 

53 

69 

78 

92 

99 

96 

10 

16 

1*5 

'*3 

42 

1.9 

60 

69 

82 

96 

104 

98 

Fort  Eustls,  Va. 

3 

Ho 

50 

0 

21 

44 

1*1* 

49 

61 

76 

85 

86 

83 

90 

100 

36 

46 

51 

62 

74 

0.46 

0.60  0.46 

17 

1 

25 

1.2 

1*8 

48 

68 

101 

88 

09 

91 

105 

114 

1 

10 

30 

51 

46 

50 

62 

81* 

82 

81 

88 

91 

100 

50 

29 

33 

38 

50 

78 

84 

00 

34 

88 

100 

112 

’ 

Fort  I*e,  Va. 

8 

Yes 

1 6 

0 

31 

68 

72 

79 

97 

11*0 

174 

2174- 

236*4 

2744 

2874 

57 

73 

82 

105 

137 

0.26 

0.28  0.70 

15 

5 

29 

52 

6c 

69 

90 

115 

155 

210* 

2464 

2684 

2764 

10 

23 

.6 

51 

69 

94 

130 

196+ 

226* 

2504 

2824 

2944 

15 

21 

39 

61 

78 

9!. 

136 

177 

249* 

290 

2984 

3004 

Fort  Lee,  Va. 

10 

Ho 

50 

0 

Cl* 

78 

60 

53 

68 

106 

16c 

2164 

2424 

2644 

281*4 

67 

61* 

60 

76 

111 

0.33 

0.43  0.68 

22 

5 

C7 

80 

64 

Co 

64 

142 

2004- 

2464 

251+ 

2694 

2794 

20 

71* 

76 

56 

52 

70 

108 

170 

2044 

2314 

2794 

2894 

50 

€2 

1*5 

1*4 

53 

82 

119 

174+ 

2064 

2204 

2604 

2884 

(Continued ) 


•  Futa  measured  after  vehicle  was  retrieved. 

**  Fcmolding  Index  estimated  from  adjacent  test  areas. 


Pi 


E 


of 

12-10 

hit 

depth 

In. 

Pen  arks 

12 

65 

63.0 

1 

66.8 

1 

46.4 

61.0 

74.0 

71.4 

2.3 

7.8 

13.5 

Vehicle  began  cperatlhc  an  a  4x4,  becan  to  drac  °n  14th  pais,  expe¬ 
rienced  heavy  dracclnc  on  loth  pass,  hal  extreme  difficulty  on  47th 
pais.  Cixr.plot  ,d  50  passes  with  extreme  Jll'ficulty 

34 

60.9 

62.1. 

59.4 

63.6 

61.5 

65.0 

— 

Vehicle  operated  an  a  4x4,  win  irr.obillzcd  on  1st  rass,  could  not 
extricate  itself.  Undercarriage  did  not  drac 

33 

57.1* 

55.9 

49.1 

66.2 

64.7 

71.6 

Vehicle  ojerated  as  a  4x4,  iwiobiliscd  on  5th  pass,  undercarrlaco 
draccln**.  Vctilclc  could  not  extricate  itself 

32 

55.7 

65.1. 

57.2 

66.7 

61.0 

66.3 

9.8* 

Vehicle  immobilized  on  5th  pass  travel  Inc  forward,  undercarrlaco 
dracclnc.  Could  not  extricate  Itself,  Operat'd  as  a  4x4 

27 

59.8 

61.4 

52.2 

64.5 

63.0 

69.8 

9.2* 

Vehicle  immobilized  on  1st  pass  travelinc  forward,  undorc arid. ace 
dracclnc*  Extricated  Itself  In  reverse  but  could  not  turn  out  of 
ruts.  Operated  as  a  4x4 

35 

5^.  2 

54.2 

54.0 

69.  e 

68.4 

67.7 

7.7* 

Vehicle  o| crated  as  4x4,  becan  drugcinC  on  6th  pass.  Wheels  becon 
“to  slip  on  8th  pass.  Vehicle  Immobilized  on  12th  pass,  could  net 
extricate  Itself 

1*7 

76.6 

1*9.5 

55.4 

53.9 

63.8 

64.4 

-- 

Vehicle  eorr.plctod  ono  pass  as  4x7,  imrxbllized  on  ?J  pass  as  4x2. 

Front  drive  ercsccd  and  test  continued.  Vehicle  becan  dracclnc 
on  11th  (ass,  immobilized  on  32d  pas-.  In  reverse,  ext  rl  cat  el 

Itself  in  forward,  and  continued  back  and  for*h.  immobilized  on 
^th  pass  in  reverse,  extricated  itself  in  f  rward,  and  was 
innid  ilized  in  40lh  pass  in  reverse.  Could  not  extricate  itself 

55 

69.4 

1*7.0 

45.8 

56  #U 

72.1 

72.0 

1.4 

4.6 

10.5 

Vehicle  becan  operating  as  4x2,  becai.  to  irac  on  18th  pass,  Immobilized 
on  26th  pass.  Front  drive  encaged  c*d  test  continued  with  vehicle 
operatise  as  4x>.  Immobilized  cn  46th  1  ass  in  reverse,  extricated 
itself  In  forward 

51 

6!t.i 

1*6.3 

1.4.3 

60.7 

72.2 

69.0 

0.8 

4.4 

6.6 

Vehicle  becan  opieratlnc  os  4x7.  becan  dracclnc  on  14th  pass,  irmcli- 
iizei  or.  I4t!i  pass}  also  left  rear-wheel  housirg  was  Jam-  d  with 
nud  and  would  not  turn.  Front  wheel  drlv  was  engap.  d  lut  V'tilele 
still  could  not  move  forward  1  1  kward.  When  tewed  out,  the  left 
rear  wheel  did  n't  turn  until  tin-  vehicle  r, .ached  unti  turl  1  roll 

% 

65.7 

1*7.7 

50.8 

58.5 

72.6 

66.6 

1.2 

3.6 

8.0 

Vehicle  becan  opieratlnc  as  4x2,  started  to  drac  on  25th  lass,  imcbl- 
llzed  on  42d  pass,  Front  drive  engaged  and  test  continued,  Com¬ 
pleted  50  passes  witli  almost  no  difficulty.  Wheels  were  nut  spinning 
at  completion  of  50  p>aisos,  tut  chicle  undercarriage  was  1  ragging 
throughout  the  entire  length  of  test  lane 

19 

179.2 

50.9 

44.1 

29.1 

69.0 

75.8 

0.2 

0.8 

Vehicle  operated  as  4x2  until  immobilized  on  iCth  pass  with  loft- rear 
wheel  in  a  hole  that  developed  between  mounds  of  crass.  Continued 
test  as  4x4  arnl  immobilized  on  'i’th  pass  with  left-front  wheel  In  a 
hole  between  crass  Bounds.  Hut  dep'th  in  hole  vas  1.2  It.  Cone 
indexes  measured  between  crass  mounds.  Cone  indexes  in  crass  r.  ur.l 
were  150  to  2J0  at  2  to  3  in. 

34 

179-7 

46.0 

31.3 

27.0 

68.7 

90.0 

o.l 

0.5 

3.6 

Vehicle  becan  1  avlnc  difficulty  after  *  passer,  as  holt;  futal  le- 
tween  mounds  of  grass.  Cur.pleted  5  passes  with  ci  r.sl  leratle  dif¬ 
ficulty.  Cone  Indexes  measured  between  gras;  Rour.ls.  hit  Je|t!is 
in  liolcs  were  about  1.3  It  alter  5  lasses 

9 C 

28.2 

21.4 

27. 6 

90.4 

102.2 

100.6 

0.6 

1.2 

2.6 

Test  conduct  ud  In  or.  area  void  of  vocetatiun.  Vehicle  was  lNMMllMd 
on  16th  pass  but  wa  able  to  extricate  Itself.  Irw  M  1  Ire  |  again  11 
l  ull  ('arc.  Vehlrle  undercarrlaf  was  n*  t  trapping  in  1th  r  lnm  ld- 
J'-stl'n.  Hulemr.  rut  j.pth  at  point  of  lnrnllll  atl'-n  war  0.<«1  ft 
n'ter  15  parses 

75 

32.8 

20.  e 

23.6 

e3.5 

102.6 

101.6 

•  • 

Vetiiclu  completed  50  >*»wi  with  ease,  i-l/.’-tcr.  jever  nu}~~  com- 

0.5  piloted  12  posses  In  teat  Ive  oM  to  t  Vehicle  ocolr  eantlnuud 

0.8  traffic.  After  20  j'asses  vehicle  was  having  difficulty  aril  MNMMW 

1,4  lrmcldlizod  vl.cn  front  wheel  could  net  limb  ever  tree  n  t  in  t.  t 


lane.  Kit  depth  api'mxiioatoly  .  .*5  ft  at  |«lnt  if  in  l  llzatlcn 


Table  2  (Con'  ,nuod) 


it.-r.oi'i  ir: 
zgtlon 


Test 

Ye  3 
er 

Lass 

Data 

Pass 

Average  folic 

Index 

Average 

■  Cone  ind*  x 
Layrrn 

of 

Remolding,  Index  of 
Lnyeni 

R« 

Location 

Ilo. 

Ko 

:;o. 

Ho. 

3 

6 

J 

12 

mm 

“IT" 

21 

A 

30 

JiL 

o-t’ 

6- 12 

'■Jill 

TTT5 

0-1 

tvK? — ITTB 

i 

3/1* -ton  M37, 

4x4  Trick,  Tent  W.  !ght  »  7< 

Vicksburg,  Kiss. 

68 

Ho 

50 

0 

30 

59 

66 

72 

80 

78 

79 

81* 

88 

106 

114 

52 

66 

73 

77 

79 

0.85 

0.76  o.a? 

1 

1 

51. 

70 

76 

78 

76 

80 

88 

94 

99 

112 

120 

10 

1*8 

72 

83 

80 

S3 

91 

101 

<3 

106 

110 

118 

50 

1*2 

70 

68 

104 

120 

132 

144 

156 

150 

146 

158 

Vlcksburc,  Kiss. 

79 

Yen 

1 

0 

8 

35 

51 

4o 

4o 

40 

45 

51 

58 

-- 

— 

31 

42 

1.4 

4o 

42 

0.8)| 

0.80  o.8o«« 

26 

Vicksburg,  Mins . 

80 

Yes 

5 

0 

19 

48 

44 

38 

40 

38 

44 

48 

52 

-- 

-- 

37 

'*3 

41 

39 

4l 

0.93 

0.80  0.80*' 

3'* 

Willy 

s  Station  Wagon,  Tent 

1 

Wcichl 

Vicksburg,  Miss. 

72 

Ye; 

5 

0 

t* 

25 

4l 

50 

47 

44 

44 

1*3 

45 

-- 

— 

23 

39 

46 

47 

45 

0.76 

0.72  ).72 

17 

Vicksburg,  Miss. 

73 

Yes 

1 

0 

1* 

22 

33 

'*5 

37 

36 

4o 

42 

50 

-- 

-- 

20 

33 

38 

39 

38 

0.78 

0,74  0.71 

16 

Vicksburg,  Miss. 

75 

Yes 

12 

0 

9 

31 

1*7 

53 

53 

57 

64 

68 

77 

98 

107 

29 

44 

51 

54 

58 

0.74 

0.67  0.60 

21 

Vicksburg,  Miss. 

88 

Yes 

32 

0 

30 

42 

53 

68 

68 

66 

7  6 

78 

84 

97 

114 

42 

54 

63 

67 

70 

0.77*  * 

0.7).  0,67 

32 

1 

42 

50 

51* 

62 

60 

66 

73 

93 

106 

114 

128 

10 

3S 

61 

65 

65 

65 

82 

100 

106 

112 

123 

132 

37 

40 

5>* 

71 

78 

93 

110 

120 

131 

132 

131 

141 

Vicksburg,  Miss. 

89 

Yes 

1*8 

0 

32 

>»5 

54 

64 

65 

69 

83 

94 

105 

114 

124 

44 

51* 

61 

66 

72 

0.80 

0.76  0.76 

35 

1 

44 

52 

59 

60 

64 

71 

92 

105 

110 

124 

141 

10 

43 

60 

£8 

61* 

64 

87 

101 

111 

122 

13  • 

130 

48 

31* 

62 

67 

80 

100 

107 

121 

142 

15'* 

158 

160 

Vicksburg,  Miss. 

90 

Yes 

It* 

0 

32 

59 

66 

60 

64 

66 

78 

89 

99 

108 

110 

52 

62 

63 

63 

69 

o.rr * 

0.C6  0.74 

1*0 

1 

44 

64 

74 

58 

64 

74 

84 

102 

107 

111 

123 

10 

42 

66 

72 

68 

73 

92 

100 

110 

122 

124 

133 

It* 

39 

50 

60 

62 

72 

85 

lc4 

114 

116 

117 

122 

Vicksburg,  Miss. 

91 

Ho 

50 

o 

30 

46 

62 

70 

72 

70 

70 

72 

88 

94 

98 

46 

59 

68 

71 

71 

0.77+* 

0.78  0.79 

35 

1 

56 

61 

66 

70 

70 

73 

72 

74 

88 

98 

103 

10 

52 

6t. 

65 

64 

64 

70 

71 

78 

86 

92 

94 

50 

55 

70 

80 

74 

72 

76 

86 

92 

98 

106 

114 

l/4 -ton  M151 

,  4x1*  Truck  (Modified) 

.  Test 

Fcrt  Eustis,  Va. 

1 

Yes 

27 

0 

12 

46 

1*5 

52 

59 

68 

81 

92 

102 

100 

31* 

'*5 

•*7 

51 

60 

0.34 

o.4o  0.31 

12 

1 

13 

45 

36 

4o 

51* 

58 

69 

78 

92 

99 

96 

10 

16 

45 

63 

42 

49 

60 

69 

82 

96 

104 

98 

Fort  Eustis,  Va. 

3 

Mo 

50 

0 

21 

44 

44 

49 

61 

76 

85 

86 

83 

90 

100 

36 

46 

51 

62 

74 

0.46 

0.L0  0.46 

17 

1 

25 

42 

48 

48 

68 

101 

88 

89 

91 

105 

114 

10 

30 

51 

46 

50 

62 

81. 

82 

81 

88 

91 

100 

50 

29 

38 

38 

50 

73 

84 

60 

84 

88 

100 

112 

Fort  Lee,  Va. 

8 

Yes 

16 

0 

31 

68 

72 

78 

97 

140 

174 

217+ 

236+ 

274+ 

287+ 

57 

73 

82 

105 

137 

0.26 

0.28  0.70 

15 

5 

29 

52 

60 

69 

90 

115 

155 

210+ 

246+ 

268+ 

276+ 

10 

23 

46 

51 

69 

94 

130 

196+ 

226+ 

250+ 

282+ 

294+ 

15 

21 

33 

61 

78 

94 

136 

177 

249f 

290+ 

29 3f 

300+ 

Fort  Lee,  Va. 

10 

Ho 

50 

0 

64 

78 

60 

53 

68 

106 

160 

216+ 

242+ 

264+ 

28)*+ 

67 

6). 

60 

76 

111 

0.33 

0.43  0.68 

22 

5 

67 

80 

64 

60 

81* 

142 

200+ 

246+ 

251+ 

269+ 

279+ 

20 

71* 

76 

56 

52 

70 

108 

170 

204+ 

231+ 

270+ 

289+ 

50 

62 

t*5 

44 

53 

82 

119 

17t*+ 

206+ 

223+ 

260+ 

283+ 

_______________ _____ __ __ ___ ___ __ _____ __ _____ ______ ___ _ ___ _  (Continued) 

•  Puts  measured  after  vehicle  was  retrieved. 

**  I'cnolding  index  estimated  from  adjacent  test,  areas. 


I  works 


rw 

0-6 

3=5 

6-12 

9-15 

O.f 

r  I 

0-6 

mm 

truck.  Toni  Weight 

—1 

425  lb  (Continued 

l 

0.76 

0.02 

44 

53 

55 

61 

65 

63.O 

46.8 

46.4 

61.0 

74.0 

71.4 

I  0.80 

0.80" 

26 

34 

35 

32 

34 

60. 9 

62.4 

59.4 

63.6 

61.5 

65.0 

0.80 

0.8o«» 

34 

37 

33 

31 

33 

57.4 

55.9 

49.1 

66.2 

64.7 

71.6 

lion  Wacon,  Test  Weight  »  : 

650  lb 

0.72 

0.72 

17 

29 

33 

34 

32 

55.7 

65.4 

57.2 

66.7 

61.0 

66.3 

1  0.74 

0.71 

16 

25 

28 

28 

27 

59.8 

61.4 

52.2 

64.5 

63.0 

69.8 

0.67 

0.60 

21 

31 

.34 

35 

35 

54.2 

54.2 

54.0 

6-9.8 

63.4 

67. 7 

»  0.74 

0.67 

32 

4o 

47 

47 

47 

76.6 

49.5 

55.4 

53.9 

63.8 

64.4 

0.76 

0.76 

35 

42 

46 

50 

55 

69.4 

47.0 

45.8 

56.4 

72.1 

72.0 

►  0.66 

0.74 

40 

46 

42 

44 

51 

64.1 

46.3 

44.  j 

60.7 

72.2 

69.0 

►  0.78 

0.79 

35 

44 

53 

55 

56 

65.7 

47.7 

50.8 

VI 

CD 

V.1 

72.6 

66.6 

nek  (Modified),  Test  Weight  »  3**30  lb 
0.40  0.31  12  17  19  ’.8  19 


179.2  50.9  44.1  29.1  69.0  75.8 


0.C0  0.46  17  24  31  33  34  179.7  46.0  31.3  27.0  68.7  90.0 


0.28  0.70  15  J20  23  51  96  28.2  21.4  27 .6  90.4  102.2  100.6 


0.43  0.68  22  24  26  42  75  32.8  20.8  23.8  83.5  102.6  101.6 


(Continued 


s 


Vehicle  began  operating  as  a  4x4,  began  to  drng  on  14th  pass,  expe¬ 
rienced  heavy  dragging  on  19th  pass,  hal  extreme  difficulty  on  47th 
pans.  Completed  50  pasocs  with  extreme  difficulty 


Vehicle  operated  an  a  4x4,  was  immobilized  on  lat  pass,  could  not 
extricate  itself.  Undercarriage  did  ret  drop* 

Vehicle  operated  an  a  4x4,  immobilized  on  5th  pans,  undercarriage 
dragging.  Vehicle  could  not  extricato  itself 


Vehicle  irr  bilizod  on  5th  p'ass  traveling  forward,  undercarriage 
dragging  Could  not  extricate  Itself.  Operated  as  a  4x4 

Vehicle  immobilized  on  1st  p>ass  ^raveling  forward,  undercarriage 
dragging.  Extricated  Itself  in  reverse  but  could  not  turn  out  of 
ruts.  Operated  as  a  4x4 

Vehicle  operated  as  4x4,  began  dragging  on  6th  pass.  Wheels  began 
to  slip  or  8th  pass.  Vehicle  immobilized  on  12th  pass,  could  not 
extricate  itself 

Vehicle  completed  one  pass  as  4x2,  immobilized  on  2d  pass  as  4x2. 

Front  drive  engaged  and  test  continued.  Vehicle  began  dragging 
on  11th  pass,  immobilized  on  32d  pass  in  reverse,  extricated 
itself  in  forward,  and  continu-  1  tack  and  forth,  immobilized  on 
38th  pass  in  reverse,  extricated  itself  in  forward,  and  van 
immobilized  on  40th  pnss  in  reverse.  Could  not  extricate  itself 

Vehicle  began  operating  as  4x2,  began  to  Irog  on  18th  pass,  immobilized 
on  26th  pass.  Front  drive  engaged  and  test  continued  with  vehicle 
operating  as  4x4,  Immobilized  on  48th  pass  in  reverse,  extricated 
itself  in  forward 

Vehicle  began  operating  as  4x2,  began  dragging  on  14th  pass,  immobi¬ 
lized  on  14th  pass;  also  left  rear-wheel  housing  was  jam"  d  with 
mud  and  would  not  turn.  Front  whorl  drlv  was  engaged  lut  V'hiclc 
still  could  not  move  forward  or  backward .  Wh*ei  towed  out,  th  left 
rear  whirl  did  wt  turn  until  the  vehicle  reached  undisturbed  soil 

Vehicle  began  operating  as  4x2,  started  to  drag  on  25th  pass ,  irsicbl- 
lized  on  42d  pass.  Front  drive  engaged  and  test  continued.  Com¬ 
pleted  50  passes  witli  almost  no  difficulty.  Wheels  were  not  spinning 
at  completion  of  5°  passes,  but  vehicle  undercarriage  wn3  dragging 
throughout  the  entire  length  of  test  lane 


Vehicle  operated  as  4x2  until  Immobilized  or  10th  pass  with  loft-rear 
wheel  in  a  hole  that  developed  between  mounds  of  grass.  Continued 
test  as  4x4  and  immobilized  on  27th  pass  with  left -front  wheel  lr. 
hole  between  grass  mounds,  hut  depth  in  hole  was  1,2  ft.  Cone 
Indexes  measured  between  grass  mwends.  Cone  indexes  in  grins  mounls 
were  150  to  250  at  2  to  3  in. 

Vehicle  began  iiaviig  difficulty  after  29  passes  11s  holes  foittoJ  be¬ 
tween  mounds  of  grass.  Completed  50  passes  with  considerable  dif¬ 
ficulty.  Cone  indexes  measured  between  grass  mounds.  Put  depths 
in  holes  were  about  1.3  it  alter  5  passes 

Test  conducted  in  an  area  void  of  vegetation.  Veliiclc  was  immobilized 
on  16th  pass  but  was  able  to  extricate  itself.  Immobilized  again  on 
19th  pass.  Vehicle  undercarriage  was  not  dragging  on  either  immobi¬ 
lization.  Maximum  rut  depth  at.  point  of  imobili  alien  was  0.68  ft 
nftir  15  passes 

Vehicle  completed  50  passes  witli  ease.  l-l/!-ton  power  wagon  com¬ 
pleted  12  passes  in  test  lane  and  test  vehicle  again  continued 
traffic.  After  20  passes  vehicle  was  aviig  difficulty  and  become 
immobilized  when  front  wheel  could  not  climb  over  tree  root  in  test 
lane,  hut  depth  approximately  0.95  it  at  point  of  ^mobilization 


(5  of  C  sheets) 


Immobili¬ 
zation 

Lata  Average  Cone  Ind->x  k+noldtng  Index 


Fort  Lee, 

Vn. 

18 

No 

50 

0 

33 

8o 

61 

70 

65 

117 

15b 

104+ 

215+ 

2;,  2+ 

29b + 

75 

70 

72 

91 

119 

0.18 

o.b6 

0.66 

10 

Tt 

70 

be 

b5 

68 

116 

173 

190+ 

232+ 

26bH 

28b+ 

50 

43 

bb 

65 

102 

138 

186+ 

222+ 

2b7+ 

272+ 

290+ 

300+ 

Fort  Lee, 

Vn. 

19 

Yea 

26 

0 

39 

73 

70 

6b 

72 

12b 

165 

22b+ 

261+ 

276+ 

289t 

62 

71 

69 

87 

120 

0.20 

0,b2 

0.7b 

10 

18 

b  6 

be 

be 

82 

316 

15b 

226+ 

250+ 

261*+ 

296+ 

Fort  Lee, 

Vn . 

00 

Yea 

lb 

0 

b2 

5b 

bb 

bO 

58 

90 

12b 

178+ 

216+ 

25b+ 

28b+ 

b7 

b6 

b? 

63 

91 

0,28 

0.56 

0.61 

lb 

2b 

31 

38 

55 

150+ 

iea+ 

23 

279+ 

28b+ 

29b+ 

l/2-ton  M27b 

i,  bxb  Carrier 

(Mule) 

Vicksburg, 

,  Kiss. 

37 

Yes 

1 

0 

b 

26 

'*5 

b8 

b  6 

b7 

50 

56 

62 

73 

78 

25 

bO 

b6 

b7 

be 

0.78 

0.68 

0.83 

Vicksburg,  Miss. 

b9 

Wo 

50 

0 

17 

2b 

29 

32 

38 

50 

5b 

62 

6b 

66 

68 

23 

28 

33 

bO 

47 

0.75" * 

0.76 

0.62  , 

1 

2b 

26 

28 

32 

b7 

52 

5b 

53 

61 

71 

7b 

1 

10 

32 

37 

38 

38 

52 

56 

if 

6b 

70 

75 

76 

50 

26 

3b 

bO 

bb 

56 

61 

63 

67 

70 

7'* 

76 

Vicksburg,  Miss. 

50 

Yes 

1 

0 

7 

12 

lb 

22 

36 

43 

46 

52 

58 

60 

63 

11 

16 

2b 

3b 

42 

0.65 

O.63 

0.75** 

Vicksburg.  Miss. 

51 

Yes 

2b 

0 

15 

22 

26 

32 

3‘* 

36 

38 

45 

52 

63 

6b 

21 

27 

31 

3b 

36 

0.6b 

0.68 

0.75** 

1 

lb 

19 

26 

3b 

37 

36 

39 

53 

50 

53 

60 

10 

11 

21 

25 

3b 

3b 

38 

42 

51 

5b 

56 

62 

2b 

8 

18 

26 

3b 

42 

50 

56 

62 

6b 

66 

68 

Vicksburg,  Miss. 

52 

No 

50 

0 

20 

28 

3C 

33 

bo 

38 

42 

46 

bb 

53 

66 

26 

32 

36 

39 

40 

0.71 

O.72 

0.75** 

1 

2b 

30 

33 

35 

bO 

bO 

43 

45 

50 

5b 

60 

10 

23 

33 

36 

>9 

bO 

bO 

45 

46 

50 

51* 

62 

50 

2C 

31 

39 

43 

46 

50 

49 

56 

58 

62 

Vicksburg,  Miss. 

53 

Yea 

19 

0 

12 

20 

27 

3'* 

>*2 

bb 

bb 

52 

5’* 

59 

68 

20 

27 

3b 

bO 

43 

0.75 

0.67 

0.75** 

1 

12 

19 

26 

3:‘ 

bO 

bO 

bl 

46 

b9 

5b 

60 

19 

12 

22 

27 

33 

bO 

43 

5b 

62 

66 

68 

68 

Vicksburg,  Mi  . 

86 

YC3 

3 

0 

7 

10 

16 

19 

‘•5 

6b 

85 

106 

106 

-- 

-- 

11 

15 

27 

43 

65 

0.61 

0.58 

0.75** 

Vlck3fcurg,  Miss. 

3'* 

No 

50 

0 

8 

31 

50 

be 

36 

3b 

38 

bb 

53 

66 

78 

30 

43 

45 

39 

36 

0.73 

0.72 

O.69 

50 

2b 

3b 

3b 

38 

bb 

55 

66 

81 

85 

95 

100 

Vicksburg,  Miss. 

j5  Yes  1 

0 

3 

19 

35 

55 

bl 

38 

33 

43 

45 

48 

53 

19 

36 

44 

1*5 

39 

0.66 

0.82 

0.80 

Vicksburg,  Miss. 

36  No  71 

0 

7 

bb 

53 

49 

42 

bO 

50 

57 

63 

69 

73 

35 

49 

48 

bb 

bb 

0.80 

0.65 

0.68 

*  Ruts  measured  after  vehicle  vac  retrieved. 

**  Remolding  index  estimated  from  adjacent  test  areas. 


Tabic  2  (Concluded) 


1 

■toldUig  Index 
■  of  I/iycra 

In  Lin,'  Core  Index 
ol  I/i.yers 

Moisture  Content 
ol  bnyers, 

0  Dry  Wt 

Dry 

of 

Dens!  ty 
Inyors, 

rel' 

Hut 

Depth 

Wb  t  -J  i 

12-10 

0-0 

(^12 

0-15 

12-10 

0-( 

r.  I* 

1  -id 

0.t 

'  -12 

143 

in. 

Fenarks 

K  (Modified),  Teat  Weight  - 

3li30  lb  (Continued) 

0.1*6 

0.68 

li* 

22 

33 

52 

81 

26.9 

21.0 

23. 1* 

91.2 

i 

100.2 

90.I 

0.6 

6.0 

Test  conducted  in  an  area  cleared  of  woody  underbrush  but  covered  with 
blade  crass .  Vehicle  was  having  difficulty  after  62  passes  as  holos 
developed  along  the  test  lone.  Completed  50  passes  with  some  dif¬ 
ficulty  as  wheels  slipped.  Maxinun  rut  dept)*  was  about  ]  ft 

I  0.1*2 

0.7>* 

12 

22 

29 

50 

89 

30. 1* 

21*.  2 

21*.  9 

ee.o 

96.6 

101.8 

2.2 

Test  conducted  on  an  area  cleared  of  woody  underbrush.  Vehicle  wheels 
becar  to  slip  on  26tl.  *  ass  and  was  i mobilised  on  26th  pass.  Vehicle 
had  to  be  towed  out  of  lone 

0.56 

0.61 

13 

12 

26 

37 

56 

32.6 

25.2 

21*.  6 

63.0 

91.6 

96.6 

'*.9 

Test  lane  covered  with  blade  crass  only.  Vehicle  wheels  began  slippinc 
on  13th  1  ass  and  was  imobllized  on  16th  pass.  Undercarriage  was 
dragging  at  point  of  immobilization 

W*  Carrier  (Mule), 

Test  Weight  ■ 

1260  lb 

i  0.68 

O.83 

Do 

20 

31 

36 

1*0 

76.0 

62.6 

1*7.9 

r/.O 

63.2 

71.6 

-- 

Surfa?*?  sir,''  as  test  5b  (see  b*»low).  Vehicle  immobilized  in  forward 
on  1st  pass  aPer  '’onsidrrable  spinning  of  wheels  without  moveriiert. 
Vehicle  was  able  to  extri  ate  Itself  with  the  aid  of  one  man  push¬ 
ing.  Undercarriage  did  not  drag 

i«*  0.76 

0.62 

17 

a 

25 

28 

29 

7'«.3 

59.5 

39.6 

53.0 

63.6 

80.6 

0.9 

2.6 

Vehicle  completed  5D  passes  without  difficulty 

O.63 

0.75" 

7 

12 

15 

26 

32 

105.3 

78.7 

61*. 8 

1*2.8 

53.6 

61.R 

6.6 

Vehicle  immobilized  on  1st  pass,  undercarriage  dragging,  could  net 
extricate  itself,  extricated  by  manpower 

0.68 

0.75" 

13 

18 

21 

26 

27 

93.2 

81*.  3 

65.5 

1*6.6 

51.6 

61.0 

0.7 

3.5 

7.6 

Considerable  slip  on  15th  pass.  Vehicle  tilted  to  left  through  entire 
test  lane,  undercarriage  dragging.  Vehicle  seemed  to  be  under¬ 
powered,  could  not  spin  wheels  except  In  a  surge.  Immobilized  on 
.6th  pass,  still  could  not  spin  wheels.  It  is  believed  tha’  the 
ve)  icle  could  not  have  completed  '  passes  even  with  adequate  power 

0.72 

0.75" 

18 

22 

26 

29 

30 

86.5 

71.0 

76.0 

1*7.6 

51.8 

5't.l 

0.6 

1.5 

3.5 

Vehicle  completed  50  passes  without  experiencinc  serious  difficulty; 
however,  vehicle  tilted  to  left  side  along  the  entire  test  lane. 
'Undercarriage  did  not  drag 

0.67 

0.75" 

15 

12 

23 

30 

32 

93*7 

86.2 

83.1* 

1*6.9 

69.8 

51.6 

0.6 

7.6 

Undercarriage  of  vehicle  dragged  on  15th  pass,  considerable  slip  was 
experiencei  on  16th  pass.  Vehicle  immobilized  on  19th  lass.  Vehicle 
could  not  spin  wheels.  It  is  believed  that  the  vehicle  'Quid  not 
have  com;  leted  5U  passes  even  witli  adequate  power 

0.58 

0.75** 

7 

2 

16 

32 

1*9 

93.3 

85*0 

71.7 

67.3 

69.7 

57. c 

*• 

No  surface  water.  Vehicle  Immobilized  on  3d  pans,  undercarriage 
dragging.  Extricated  by  manpower 

)  0.72 

0.69 

22 

31 

32 

27 

25 

69.2 

59.'* 

62.9 

58.8 

61*.  1 

62.6 

CD 

1 

ON  • 

Surface  2  or  3  in.  of  soil  war.  extremely  wet.  soft,  and  slippery, 
causing  vehicle  to  experience  difficulty  on  1st  pass  when  high 
slippage  occurred.  Vehicle  had  to  back  up  and  obtain  momentum  to 
complete  1st  pass.  Vehicle  completed  50  passes  with  no  other 
difficulty 

>  0.82 

0.80 

13 

a 

36 

36 

31 

71.1* 

60.0 

55-1* 

56.9 

65.0 

68.6 

5.0* 

Surface  £  or  3  if*,  of  soil  was  extremely  wot.  soft,  an)  slippery. 

Vehicle  was  immobilized  going  foiwaid  on  1st  pass,  but  was  able 
to  extricate  itself  in  reverse.  No  other  traffic  was  attempted, 
undercarriage  did  not  drag 

>  0.65 

0.68 

28 

35 

31 

22 

30 

61*.  6 

63.0 

55.'* 

61.7 

63.2 

68.2 

-- 

Surface  conditions  were  about,  ttie  same  as  those  for  test  35  but  not 
as  critical.  Vehicle  cc tap  leted  71  passes  without  experiencing 
serious  difficulty 
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TaUe  5 


tunmary  of  Vehicle*  and  fyal  Pa*a  lerMrer.t  t  ,  Validity  >'^  -K  -if  kevlred  V!  Forrula 


i'fl.1'  1*  I»eta 


Vehicle 

Test 

Weight 

It 

or.lr.nl 

Width 

in. 

Tire 

'"hire 

Dlam 

In. 

Pat  a 

Wheel 

Dins. 

in. 

No. 

of 

Tires 

I  rojr.d 

oiear- 

ance 

it.. 

krax- 

Horse- 

power 

Trans¬ 

mission 

_ _ 

Com- 

puled 

Vehicle 

Cone 

1  nde  x 

Per  a 

Trow  TV 

1-71*0, 

12th  Pupplemer.t 

l/i-ton  M38  truck,  4x4 

3.500 

7 

i6 

30 

i, 

9 

'i 

Mechanical 

us 

2-1/ ‘-tor,  Ml  3 5  truck,  6x6 

17.700 

n 

20 

4. 

6 

1.1, 

no 

MydrauJ  ic 

61 

2-1/  -ton  K34  truck,  Cx< 

17,600 

11 

20 

4? 

c 

12  .5 

127 

Mechanical 

Cl 

5-ton  M4l  truck,  6*6 

r*>,8oo 

14 

20 

46 

6 

n 

1/ 

Mectanlcal 

(.7 

5-tor  Mr 2  wrecker,  ( %f 

\  Moo 

11 

20 

42 

10 

10 

224 

Mechanical 

7U 

Data 

from  IV 

3--U.0, 

13th  supplement ^ 

3A-^or.  M37  truck,  4x4 

7,'tOO 

fJ 

1< 

34 

4 

11 

7(1 

Mechanical 

Cl 

2-1/?- ton  C2KW  V)  3  tru~k, 

16,100 

7.5 

20 

35 

10 

10 

71 

Mechanical 

70 

6x6 

2-1/2-tor  Mil 7  truck,  CxC> 

13.500 

11 

20 

42 

C 

14 

177 

Mechanical 

52 

?-l/?-ton  M47  truck,  6x6 

18,500 

11 

20 

42 

6 

14 

127 

Mechanical 

d* 

5-ton  M*4l  truck ,  (v 

2->.ftOO 

14 

20 

48 

6» 

13 

1  *6 

Mechanical 

67 

• 

Put* 

from  Ml 

4-506*  ' 

?-l/2-ton  V.34  truck,  6*6 

17.1<K) 

11 

20 

42 

6 

10 

127 

Mechanical 

61 

?-l/?-tor.  V34  (modified 

No.  1)  truck,  6*6 

17.1 n 

14.75 

20 

40.5 

6 

13 

127 

Mcctianical 

45 

2-l/?-t on  M34  (modi fled 

No.  2)  truck,  6x6 

17.no 

18. 

22.5 

45 

6 

13 

177 

Mechanical 

41 

2-l/2-ton  M35  truck,  6x' 

U 8,230 

* 

20 

38 

10 

11 

1  7 

Mechanical 

5 1 

2-t/2-ton  M 35  (modified) 
truck,  6x6 

18,730 

12.50 

20 

45 

6 

14 

17 

Median!  cal 

63 

2-l/2-t.on  XM410  truck,  8x6 

1>*  .706 

16 

20 

52 

8 

It 

IS'* 

ttydraullc 

V 

5-tor.  V54  tmek,  6x* 

30.27', 

11 

20 

42 

10 

1? 

1  * 

Median  leal 

68 

5-ton  M4l  (modified)  truck, 
r  -x* 

7*1.838 

-’3* 

2’. 5 

52 

t 

14 

1  - 

Mechanical 

44 

5-tor*  Ccamp,  4x4 

71,1.00 

14 

24 

52 

4 

16 

75 

Mechanical 

70 

5-* on  W453E2  truck,  8x8 

22, '*77 

16 

20 

C  3 

8 

15 

IT 

Vectianl  al 

■4* 

5-ton  XM520  lOK*.  4x4 

70,730 

15 

?4 

*•4 

4 

21 

110 

l*yd:  a  j1  1c 

t  7 

8-ton  XM520K1  .;orh,  4x4 

(.7,800 

18 

33 

6  9 

4 

24 

’ll 

Hydraulic 

11. 

fi-ton  XMhOtKfi  truck.  8x8 

47. 2', 0 

U 

20 

52 

8 

14 

21.7 

Hydra  ul  lc 

K* 

1'  -ton  XV 4  tYKl  -10KR,  4x4 

71 .0 70 

2  >.5 

25 

74 

4 

30 

280(.f,  1 

Hydi aul lc 

r  n 

P%*H 

fr.i-i  vr 

3/«-tot  XM408  truck,  ( x* 

1* .  2? 

10* 

1'  .5 

3 0 

r 

1 

(  1 

Y»*diarical 

3  r 

1-l/P-ton  Kr  I/O  truck,  4x4 

77*00 

0 

in 

34 

• 

11 

H*, 

Me  'tiar  l*'al 

•j. 

8-t  or.  60RH,  4x4 

47,  on 

16 

3? 

1  ■'  i 

4 

4 

17* 

l.vdraul  ic 

11 

lf-twn  XftfUfSRJ  IOJW  .  4x4 

77.800 

29. c' 

2* 

74 

4 

30 

n8*. 

M**hani«ni 

1 

>«*  r*i ♦  »i  , 

ha*  l'V 
Cone 

Data  lir.-  Irnl^x 

Source  roH  11  Mil  or,  of 
Test  'es  r.r  lass  Critical 
No.  No  ?>o,  taye  r 


Iter. 

Uo. 

(This 

report  j 


38 

Yes 

20 

31 

1 

37 

Yes 

6 

32 

2 

1*0 

Yes 

17 

l*B 

3 

1*1 

Yes 

10 

Ul 

4 

ur1 

No 

50 

87 

5 

1*3 

No 

50 

11* 

6 

UU 

No 

58 

132 

7 

(*5 

Yes 

7 

3U 

e 

u», 

Yes 

(.1 

57 

9 

<•7 

No 

50 

275 

10 

80 

No 

(0 

02 

11 

fa 

No 

50 

8*. 

1? 

:b 

Yes 

1 

uo 

13 

29 

Yes 

8 

u 

14 

30 

No 

67 

53 

15 

31 

No 

50 

8’ 

16 

Be¬ 

’  Yes 

38 

U“ 

17 

it 

Yes 

5 

U 

18 

40 

No 

50 

85 

n 

4 1 

No 

50 

1U1 

20 

42 

No 

50 

IT* 

21 

8 

Yes 

11 

20 

22 

■1 

Yes 

35 

21 

23 

10 

Yes 

15 

28 

24 

1) 

Yes 

3 

33 

25 

12 

No 

40 

Cl 

26 

13 

Yes 

4 

15 

27 

14 

Yes 

7 

22 

28 

1  6 

Yes 

19 

14*3 

2‘* 

16 

No 

CO 

'll 

30 

17 

NO 

40 

11* 

31 

18 

Yes 

V 

n 

32 

n 

Yes 

3 

22 

3> 

20 

Yes 

3 

31* 

34 

21 

Yes 

5 

23 

35 

on 
.  >. 

Yes 

f 

31 

3* 

23 

Yes 

4 

37 

24 

Yes 

4 

38 

36 

rc 

Yes 

11 

3  > 

j 

No 

60 

*  4 

40 

V 

Yes 

l 

)  * 

41 

V 

Yes 

.. 

-0 

42 

34 

lea 

4 

58 

4  1 

*5 

Yes 

1' 

71 

44 

?• 

No 

60 

137 

45 

J7 

No 

50 

104 

4f 

4 

No 

60 

11H 

(*7 

15 

No 

60 

57 

up. 

1’ 

Yes 

33 

4* 

U'. 

17 

No 

60 

*  1 

50 

U3 

Yer. 

1, 

46 

51 

l  * 

No 

10 

C6 

57 

7 

No 

50 

7 

51 

P 

No 

60 

i* 

*>U 

0 

Yes 

r 

<i 

55 

10 

Yep 

7 

5* 

1. 

e* 

44 

r-7 

1 

No 

K> 

Mi* 

58 

No 

5Y* 

3 

>es 

11 

1  0 

Al 

A* 

A 


1 


EXPERIMENTAL  VEHICLE  CONE  INDEX 


Ld 

Sm 

Q.  UJ 

*8* 

nQz 

o5y 


*3)8 

CL  I-  lii 


ouo 

<->?X 

OC  UJ 

u  > 

Q. 

X 

u 


0*1 


VALIDITY  CHECK  OF 
REVISED  FORMULA 


APPENDIX  A:  VEHICLE  CONE  INDEX  COMPUTATIONS 


1.  The  vehicle  cone  index  (VCI)  is  the  minimum  rating  cone  index 
(RCI)  that  will  permit  a  vehicle  to  complete  50  passes  in  fine-grained 
soils.  It  is  determined  by  first  computing  a  mobility  index  (Ml)  from  an 
empirical  formula  and  then  referring  to  a  curve  relating  MI  to  VCI. 

2.  This  appendix  presents  the  original  mobility  index  formula  for 
self-propelled  wheeled  vehicles,  the  revised  mobility  index  formula  for 
self-propelled  wheeled  vehicles  developed  in  the  main  text  of  this  report, 
and  comparisons  of  VCI's  computed  using  both  formulas  for  a  selection  of 
standard  military  and  experimental  military  vehicles. 

Mobility  Index  (MI) 


3.  The  MI  is  an  abstract  number  obtained  by  applying  certain 
vehicle  characteristics  in  the  MI  formula. 

Original  MI  formula 


MI  =  0.6 


'contact 

pressure 

factor 


weight 

factor 


tire 
.  factor 


grouser 

factor 


wheel 

load 

factor 


engine 
X  factor 


trans- 
x  mission 
factor 


+  20 


Factor 

No. 


Contact 

pressure 

factor 


_ gross  weight,  lb _ 

tire  width  x  rim  diam  x  No.  of  tires 


(1) 


Weight 

factor  =  >35 >000  lb  =1.10 

15,000-35,000  lb  =  1.00 
<15,000  lb  =0.90 

Tire  _  1.25  X  tire  width,  in. 
factor  -  100 


(2) 


(3) 


A1 


Factor 

No. 


Grouser 
factor : 

With  chains  =  1.05 

Without  chains  =  1.00 

(4) 

Wheel  load  _ 

gross  weight,  kips 

(5) 

factor 

No.  of  wheels  (duals  count  as  one) 

Clearance 

factor 

clearance,  in. 

10 

(6) 

Engine 
factor : 

>10  hp/ton  =  1.0 
<10  hp/ton  =  1.1 

(7) 

Transmis¬ 
sion 
factor : 

% 

Hydraulic  *  1.00 

Mechanical  =  1.05 

(8) 

MI  =  0.60 


(5) 


x  (7)  x  (8)  +  20 


Revised  MI  formula 


MI  = 


contact 

pressure 

factor 

tire 

factor 


x 


X 


weight 

factor 


grouser 

factor 


wheel 
+  load 
factor 


clearance  engine  transmission 
factor  x  factor  x  factor 


Contact 

pressure 

factor 


Weight 

factor: 


_ gross  weight,  lb _ 

, , _ ,  ^  ....  ..  outside  diam  of  tire,  in.  ..  No.  of 

tire  width,  in.  X - : — ■  - ■  1 - X  ,  , 

2  tires 


Weight  Range,  lb 
Gross  Vehicle  Wt,  lb 


No.  of  axles  / 

‘Weight  Factor  Equations 

<2000 

2,000  to  13,500  lb 
13,501  to  20,000  lb 
>20,000  lb 

Y  =  0.553X 

,  Y  =  0.033X  +  1.050 

Y  =  0.142X  -  0.420 

Y  =  0.278X  -  3.115 

(1) 


(2) 


where 

x  .  y  -  weight  factor 


Tire  _  10  +  tire  widths  in. 

factor  ”  100 

Grouser 

factor:  With,  chains  =1.05 

Without  chains  =  1.00 


Wheel  load  _  _ gross  weight,  kips 

factor  “  No.  of  wheels  (duals  count  as  one! 


Clearance  _  clearance,  in. 
factor  "  10 


Engine 

factor:  >10  hp/ton  =  1.00 

<10  hp/bon  =  1.05 

Transmis¬ 

sion 

factor:  Hydraulic  =1.00 

Mechanical  =1.05 


MI  = 


+  (5)  - (6)]  x  (7)  x  (8) 


Vehicle  Cone  Index  (VCl) 


Factor 

No. 


(3) 

(4) 

(5) 

(6) 

(7) 


(8) 


4.  The  VCI  of  a  vehicle  can  be  obtained  from  a  curve  of  MI  versus 
VCI  (plate  Al)  or  more  accurately  from  a  tabulation  of  MI  versus  VCI,  as 
shown  in  table  Al. 

Comparisons  of  Computed  VCI's  for  Standard 
and  Experimental  Military  Vehicles 

5.  Since  VCI's  computed  with  the  original  MI  formula  have  been  used 
for  several  years  and  are  listed  in  earlier  supplements  of  the  "Traffi- 
cability  of  Soils"  series  of  reports,  numerous  Miscellaneous  Papers,  and 
Department  of  the  Army  Technical  Bulletin  ENG  37,  it  was  felt  that  a  com¬ 
parison  of  original  and  revised  VCI  computations  should  be  made  to  show  the 


range  of  VCI  similarities  and  areas  of  VCI  divergence  with  the  two 
formulas. 

Standard  military  vehicles 

6.  The  latest  available  data  source,  Department  of  the  Army  Tech¬ 
nical  Manual  9-500, was  used  to  select  representative  vehicles  for 
comparisons  of  VCI's.  The  vehicles  selected  are  shown  in  table  A2.  The 
characteristics  of  these  vehicles,  generally,  have  changed  little  since 
the  development  of  the  original  MI  formula.  Table  A2  shows  that  both  the 
original  and  revised  formulas  produce  VCI's  that  are  in  close  agreement 
through  the  3A“  and  2-l/2-ton  truck  range,  but  the  VCI's  diverge  for  the 
lA->  l/2- ,  5->  and  10- ton  truck  range. 

Experimental  military  vehicles 

7.  Computed  VCI's  for  selected  experimental  military  vehicles  are 
listed  in  table  A3.  Data  sources  for  each  vehicle  also  are  shown. 

The  VCI's  computed  with  the  revised  formula  generally  are  lower  than  VCI's 


computed  with  the  original  formula  for  vehicles  through  the  5-ton  rated 
pay- load  range.  The  revised-formula  VCI's  are  considerably  higher  than 
the  original-formula  VCI's  for  the  8-  and  16-ton  vehicles. 


*  See  Literature  Cited  at  end  of  main  text  of  this  report 


Table  A1 


Mobility  Index  Versus  Vehicle  Cone  Index 


MI 

VCI 

MI 

VCI 

MI 

VCI 

MI 

VCI 

MI 

VCI 

0 

3-0 

31 

39.2 

67 

55.6 

103 

72.0 

139 

88.3 

0.25 

5.5 

32 

39.7 

68 

56.1 

104 

72.4 

l4o 

88.8 

0.50 

7.0 

33 

40.1 

69 

56.5 

105 

72.9 

l4l 

89.2 

0.75 

8.3 

34 

40.6 

70 

57.0 

106 

73.3 

142 

89.7 

1.00 

9.0 

35 

41.0 

71 

57.4 

107 

73.8 

143 

90.1 

1.50 

10.8 

36 

41.5 

72 

57.9 

108 

74.2 

144 

90.6 

2.00 

12.5 

37 

42.0 

73 

58.3 

109 

74.7 

145 

91.0 

2.50 

13.8 

38 

42.4 

74 

58.8 

no 

75.1 

146 

91.5 

3 

15.1 

39 

42.9 

75 

59.2 

in 

75.6 

147 

91.9 

4 

17.5 

40 

43.4 

76 

59.7 

n2 

76.0 

148 

92.4 

5 

19.7 

4l 

43.8 

77 

60.2 

113 

76.5 

149 

92.8 

6 

21.5 

42 

44.3 

78 

60.6 

n4 

77.0 

150 

93.3 

7 

23.0 

43 

44.7 

79 

61.1 

115 

77.4 

151 

9J.8 

8 

24.2 

44 

45.2 

80 

61.5 

116 

77.9 

152 

94.2 

9 

25.3 

45 

45.6 

81 

62.0 

n7 

78.3 

153 

94.7 

10 

26.4 

46 

46.1 

82 

62.4 

n8 

78.8 

154 

95.1 

11 

27.3 

47 

46.5 

83 

62.9 

119 

79.2 

155 

95.6 

12 

28.1 

48 

47.0 

84 

63.3 

120 

79.7 

156 

96.0 

13 

28.9 

49 

47.4 

85 

63.8 

121 

80.1 

157 

96.5 

14 

29.6 

50 

47.9 

86 

64.2 

122 

80.6 

158 

96.9 

15 

30.4 

51 

48.4 

87 

64.7 

123 

81.0 

159 

97.4 

16 

31.0 

52 

48.8 

88 

65.2 

124 

81.5 

160 

97.8 

17 

31.7 

53 

49.3 

89 

65.6 

125 

82.0 

161 

98.3 

18 

32.3 

54 

49.7 

90 

66.1 

126 

82.4 

162 

98.7 

19 

32.9 

55 

50.2 

91 

66. 5 

127 

82.8 

163 

99.2 

20 

33.5 

56 

50.6 

92 

67.0 

128 

83.3 

164 

99.6 

21 

34.1 

57 

51.1 

93 

67.4 

129 

83.8 

165 

100.1 

22 

34.6 

58 

51.5 

94 

67.9 

130 

84.2 

166 

100.6 

23 

35.2 

59 

52.0 

95 

68.3 

131 

84.7 

167 

101.0 

24 

35.8 

60 

52.4 

96 

68.8 

132 

85.1 

168 

101.5 

25 

36.3 

61 

52.9 

97 

69.2 

133 

85.6 

169 

101.9 

26 

36.8 

62 

53.3 

98 

69.7 

134 

86.0 

170 

102.4 

27 

37.3 

63 

53.8 

99 

70.1 

135 

86.5 

171 

102.8 

28 

37.8 

64 

54.2 

100 

70.6 

136 

86.9 

172 

103.3 

29 

38.3 

65 

54.7 

101 

71.1 

137 

87.4 

173 

103.7 

30 

38.7 

66 

55.2 

102 

71.5 

138 

87.8 

174 

104.2 

Note:  For  MI  above  approximately  40,  VCI  obtained  from  equation 
VCI  =  25.2  +  (0.454  x  MI)  . 
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MOBILITY  INOex 


APPENDIX  B:  STATISTICAL  EVALUATION  OF  ORIGINAL  AND 
REVISED  MOBILITY  INDEX  FORMULAS 


1.  The  development  of  the  revised  MI  formula  shown  in  Appendix  A  and 
discussed  in  the  main  text  of  the  report  was  accomplished  by  trial-and- 
error  adjustment  of  constants  and  the  ingredients  of  the  eight  factors  of 
the  original  formula.  This  approach  was  intentional,  since  it  was  desired 
to  have  any  revise4  formula  be  similar  in  form,  i.e.  retain  the  same  fac¬ 
tors  of  the  original  formula.  That  the  approach  was  successful  can  be  seen 
by  comparing  the  two  formulas  and  comparing  differences  between  the  experi¬ 
mental  VCI's  and  computed  VCI's  (table  4,  main  text).  As  a  further  check 
it  was  decided  to  perform  a  more  complicated  analysis  (with  the  aid  of  an 
electronic  digital  computer)  that  would  statistically  relate  the  experi¬ 
mental  Mi's  (converted  from  experimental  VCI's,  table  Al)  to  the  combina¬ 
tions  of  vehicle  factors  contained  in  the  formulas.  This  analysis  was 
performed  by  a  multiple  linear  regression  method  as  described  herein. 

2.  Data  used  in  the  analysis  were  from  tables  B1  and  B2;  MI  factors 
used  were  those  from  the  MI  formulas  in  Appendix  A. 

Analysis  Technique 

3.  The  multiple  regression  technique  was  used  to  determine  the 
association  between  the  dependent  variable  (Ml)  and  the  independent  vari¬ 
ables  (combinations  of  vehicle  factors).  Statistical  techniques  were  also 
used  to  measure  the  quality  of  the  association  between  the  dependent  and 
independent  variables.  Plate  2  (main  text)  shows  that  a  linear  relation 
exists  between  computed  and  experimental  VCI'sj  therefore,  this  evaluation 
was  made  using  a  multiple  linear  regression  method.  The  actual  computa¬ 
tions  were  made  by  an  electronic  digital  computer  programmed  for  a  multiple 
linear  regression.^  This  program  requires  the  computation  of  regression 
coefficients  that  will  provide  the  best  fit  of  an  equation  to  a  set  of 
observations  in  the  form: 

Y  =  bQ  +  \\  +  b2X2  +  . .  .bnXn 


B1 


where 


Y  is  the  dependent  variable  (the  MI  corresponding 
to  the  experimental  VCI) 

,  b,  ,  b0...b  are  the  coefficients  to  be  determined 
9  1  3  2  n 

X1  ,  Xg. .  .X^  independent  variables  (vehicle  factors) 


The  regression  also  provides  statistical  quantities  giving  a  measure  of  the 
reliability  of  the  regression  equation. 

4.  In  order  to  evaluate  statistically  the  original  and  revised 
mobility  index  formulas  (Appendix  A,  paragraph  3)  in  e  j  close  to  their 
original  form  as  possible,  it  was  decided  that  a  four-variable  (one 
dependent  and  three  independent)  multiple  linear  regression  would  best 
serve  the  purpose.  This  was  accomplished  by  using  the  MI  corresponding  to 
the  experimental  VCI  of  the  20  vehicles  listed  in  table  4  of  the  main 
text  as  the  dependent  variable  (Y)  and  grouping  the  eight  vehicle  factors 
of  the  original  and  revised  MI  formulas  (including  the  two  constants  of 
the  original  formula)  into  three  independent  variables  (X1  ,  X2  ,  and  X^) 
for  each  of  the  two  formulas  (original  and  revised).  The  three  independent 
variables  (X^  ,  X^  ,  and  X^)  for  each  of  the  20  vehicles  for  the  original 
and  revised  mobility  index  formulas  were  obtained  as  follows: 

Independent  variables  from  original  MI  formula:* 


X1  =  0,60  $  x  (7)  x  (8)  +  10 


Xg  =  0.60  [(5)  x  (7)  x  (8)]  +  10 


X3  =  0.60  [(6)  x  (7)  x  (8)] 


Independent  variables  obtained  from  revised  MI  formulas:* 


xi =  mrm  x  (7)  x  t8) 


*  Numbers  in  parentheses  have  same  significance  as  in  Appendix  A. 


X2  =  (5)  X  (7)  X  (8) 


X3  =  (6)  x  (7)  x  (8) 

The  computed  values  for  the  three  independent  variables  (X^  ,  Xg  ,  and 
X^)  for  the  20  vehicles  used  in  this  analysis  are  included  in  tables  B1 
and  B2  for  the  original,  and  revised  formulas,  respectively.  Note  that 
the  same  computed  VCI  obtained  from  the  original  and  revised  formulas 

T 

(presented  in  table  4,  main  text)  can  be  obtained  for  each  of  the  20 
vehicles  by  substituting  values  of  X^  ,  Xg  ,  and  X^  from  tables  B1  and 
B2  into  the  equation  below  and  converting  mobility  index  to  VCI  from 
table  Al. 


Mobility  index  =  X^  +  Xg  -  X^ 

For  example,  from  table  B2,  vehicle  1  (LeTourneau  electric  digger,  model 
L-28),  the  values  of  X^  ,  Xg  ,  and  X^  ( independent  variables)  obtained 
from  the  revised  formula  as  discussed  above  are 

Xx  =  348.0 

X2  =  21.2 

X3  =  1,3 

and  substituting  the  values  for  X^  ,  Xg  ,  and  X^  in  the  above  formula 
the  computed  MI  is: 

MI  =  348.0  +  21.2  -  1.3  =  367.9 

Converting  the  above-computed  MI  (367.9)  to  VCI  is  accomplished  by  the 
equation  (from  table  Al): 

vci  =  25.2  +  (0.454  x  367.9)  =  192.22 

B3 
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The  above-computed  VCI  rounded  to  the  nearest  whole  number  (192)  is  the 
same  as  that  computed  for  vehicle  1  (LeTourneau  electric  digger)  by  the 
revised  formula  as  shown  in  table  4  of  the  main  text. 

5.  The  computed  values  for  the  three  independent  variables  (X^  , 

Xg  ,  and  Xg  — combinations  of  vehicle  factors)  and  the  dependent  variable 
(Y  =  MI  corresponding  to  the  measured  VCI)  for  each  of  the  20  vehicles 
listed  in  tables  B1  and  B2  for  the  original  and  revised  MI  formulas, 
respectively,  were  supplied  to  the  electronic  digital  computer .  Separate 
computations  were  made  for  each  formula.  Results  of  these  computations 
are  presented  in  the  following  paragraphs. 

Results  of  Multiple  Linear  Regression  Computations 

MI  formulas 

6.  The  multiple  linear  regression  equation  for  predicting  mobility 
index  from  the  experimental  mobility  index  and  the  eight  factors  (combined 
into  three  independent  factors)  of  the  original  mobility  index  formula 
for  the  20  vehicles  used  in  these  computations  is 


MI  =  0.65X1  +  26.34X2  -  102.84X3  -  201.80 


When  the  original  factor  numbers  are  substituted  for  >  X2  »  and  *3 


(see  paragraph  4),  the  equation  above  becomes 


MI  =  0.65  £0.60  [*]  *  III  x  (7)  x  (8)J  +  loj  +  26.3k  |o.6o  £(5)  X  (7) 

x  (8)J  +  10  J  -  102.84  |o.60  £(6)  x  (7)  x  (8)j|  -  201.80 


The  equation  above  can  be  simplified  as  follows: 


MI  =  0.60  x  (7)  x  (8) 


(°-65  [ftf# 


+  26.34  X  (5)  =  102 


.84  x  (6) 

« 


+  68.10 


I 

j 

i 


7.  The  multiple  linear  regression  equation  for  predicting  mobility 
index  from  the  experimental  mobility  index  and.  the  eight  factors  (combined 
into  three  independent  factors)  of  the  revised  mobility  index  formula  for 
the  20  vehicles  is: 


Mi  =  0.96x1  +  i.28xg  +  3*90X3  -  3*97 

Substituting  the  factor  numbers  from  the  revised  formula  for  X^  ,  X2  , 
and  X^  (see  paragraph  4)  gives 


MI  =  0.96  jgj  *  x  (7)  x  (8) 


1.28  T(5)  x  (7)  x  (8)J  +  3.90  Jj[6)  x  (7)  x  (8)J  -  3.97 


The  equation  above  can  be  simplified  as  follows: 

MI  -  f  0.96  [3I  *  jj;|  +  1.28  X  (5)  +  3.90  x  (6)  x  (7)  x  (8)j  -  3.97 

Reliability  of  formulas 

2 

8.  Multiple  correlation  coefficient  (R  ).  The  multiple  correlation 
I  Y  - 

coefficient  1.00 - .  *  p'  is  a  statistical  measure  of  how  several 

Em2  -Ef_ 

variables  are  associated  with  each  other.  This  coefficient  measures  the 
success  of  estimating  the  dependent  variable  (MI)  from  the  three  inde- 
pendent  variables  (vehicle  factors  in  combination).  The  R  obtained 
from  the  analysis  of  the  original  and  revised  formula  factors  was  0.94 
and  0.99>  respectively,  which  indicates  that  the  correlation  between  pre¬ 
dicted  and  experimental  MI  for  both  methods  is  highly  significant  (greater 
than  the  1  percent  level  of  significance).  Predicted  values  of  MI  and  VCI 
using  the  multiple  linear  regression  equations  for  the  original  and  revised 
formulas  are  included  in  tables  B1  and  B2,  respectively.  Plots  of  pre¬ 
dicted  MI  versus  experimental  MI  for  the  linear  regression  of  the  original 


i 


if* 


and  revised  formulas  are  presented  in  plates  B1  and  B2 ,  and  predicted 
VCI  (predicted  MI  converted  to  VCI)  versus  experimental  VCI  for  the  two 
formulas  are  presented  in  plates  B3  and  B4,  respectively.  The  solid 
line  in  plates  B1-B4  represents  perfect  correlation  (R  =  1.00)  and  the 
nearness  of  the  plotted  points  to  these  lines  indicates  graphically  how 
close  the  equations  predict  MI  and  VCI  for  each  of  the  20  vehicles, 

9«  Standard  error  of  regression  equation.  Another  measure  of  the 
accuracy  of  the  formulas  is  obtained  from  the  standard  error  of  the 


regression  equation 


The  deviations  were  +22,5  and 


-8.7  MI  ui-its,  respectively,  for  the  original  and  revised  formulas.  The 

t,r  o 

R  values  of  0.94  and  0.99  and  the  standard  deviations  from  regression 
of  -22.5  and  -8.7  MI  units  for  the  original  and  revised  formula  factors 
indicate  that  the  predicted  values  of  MI  obtained  from  the  regression 
equation  will  be  accurate  within  the  above-stated  limits  94  and  99  times 
out  of  a  100,  respectively,  for  the  two  regression  equations.  The 
standard  error  of  regression  is  included  in  plates  B1  and  B2  as  dashed 
lines  to  show  graphically  where  the  predicted  MI  for  each  of  the  20  vehi¬ 
cles  plots  in  relation  to  these  limits. 

10.  Deviation  from  regression  and  percent  error.  Other  measures  of 
the  accuracy  of  the  formulas  are  the  deviations  from  regression  ($  -  Y 

/*.  Y  \ 

=  unit  error ) ,  the  percent  error  l  — —  x  100  I  ,  and  the  mean  absolute 


deviation  for  the  20  vehicles.  Unit  and  percent  error  for  the  linear 
regression  equations  for  the  original  and  revised  factors  for  the  20 
vehicles  are  included  in  tables  B1  and  B2.  It  should  be  noted  that  the 
algebraic  deviations  from  regression  will  sura  to  zero;  however,  because 
of  rounding  to  the  nearest  whole  number  for  MI  and  VCI,  the  algebraic 
deviations  shown  in  tables  B1  and  B2  do  not  sum  to  zero.  The  algebraic 
sign  is  included  only  to  indicate  if  the  equations  are  predicting  high  or 
low. 


B6 


Comparison  of  Results  of  Predicting  Vehicle 
Cone  Index  by  the  Four  Formulas 

11.  Comparison  of  results  of  predicting  VC1  by  the  four  mobility 
index  formulas  (original,  regression  of  the  original,  revised,  and 
regression  of  the  revised)  are  made  in  the  tabulation  following  this 
paragraph.  The  accuracy  of  each  formula  is  indicated  by  the  deviation  of 
predicted  from  experimental  VCI  for  the  20  vehicles  previously  discussed. 
The  deviations  are  shown  in  the  following  tabulation  as  unit  error  and 
percent  error: 


No.  of 

Vehicle 

Cone  Index 

Tables  with 

Unit  Error 

Percent  Error 

Detailed  Absolute  Absolute 

Results  Type  Formula  Average  Range  Average  Range 


4 

Original 

19.0 

1-132 

26.4 

2.0-130.0 

B1 

Original  (regression) 

9.1 

0-34 

18.7 

0-91.9 

4 

Revised 

3.6 

0-9 

6.1 

0-14.5 

B2 

Revised  (regression) 

3.2 

0-7 

6.1 

0-20.0 

12.  From  the  tabulation  above,  it  can  be  seen  that  the  original  (re¬ 
gression)  formula  greatly  Improved  the  accuracy  of  predicting  VCI  over  the 
original  formula  (unit  error  reduced  from  19.0  to  9.1).  The  revised 
formula  further  improved  VCI  prediction  accuracy  over  the  original  (regres¬ 
sion)  (9.1  to  3*6).  The  revised  (regression)  formula  Improved  VCI  pre¬ 
diction  accuracy  only  slightly  over  the  revised  formula  (3.6  to  3.2).  The 
VCI's  computed  with  the  revised  formula,  generally,  are  lower  than  VCI's 
computed  with  the  original  formula  for  vehicles  through  the  5 -ton  rated 
pay-load  range.  For  vehicles  of  8-  and  16-ton  ranges,  the  revised  formula 
VCI's  are  considerably  higher  than  the  original  formula  VCI's  (see  table 
A3,  Appendix  A).  This  is  as  desired  since  the  original  formula  estimated 
VCI's  too  high  for  the  lighter  vehicles  and  estimated  VCI's  too  low  for 
vehicles  in  the  heavy  pay-load  range  (see  table  4,  main  text). 


B7 


PREDICTED  MOBILITY  INDEX 


PLATE  Bl 


PREDICTED  MOBILITY  INDEX 


0  SO  100  ISO  too  tso  300  3 SO  400 

EXPERIMENTAL  MOBILITY  INDEX 


DEPRESSION  EQUATION 


♦I  ISX  fSI*  3. SOX  (SI 


lljx<T)X(t)j- 


3.07 


note:  numbers  by  dlotteo  doints  are  vehicle 

NUMBERS  FROM  TABLE  Bt. 

PREDICTED  MOBILITY  INDEX  BY  MULTIPLE  LINEAR 
REPRESSION  OF  REVISED  FORMULA  FACTORS. 


PREDICTED  VS  EXPERIMENTAL 
MOBILITY  INDEX 
REVISED  FORMULA  FACTORS 


PLATE  82 


PREDICTED  VEHICLE  CONE  INDEX 


PLATE  B3 


nCTCD  VEHICLE  CONE 


NOTE:  NUMBERS  BY  PLOTTED  POINTS  ARE 
VEHICLE  NUMBERS  PROM  TABLE  B3. 

PREOICt  tD  VEHICLE  CONE  INOEX  BY 
MULTIPLE  LINEAR  REGRESSION  OP 
REVISED  PORMULA  PACTORS. 


PREDICTED  VS  EXPERIMENTAL 
VEHICLE  CONE  INDEX 

REVISED  FORMULA  FACTORS 


PLATE  B4 
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I*.  SROWSORINO  MILITARY  ACTIVITY 

U.  S.  Army  Materiel  Command 
Washington,  D.  C. 


In  1955*  formulas  for  computing  mobility  indexes  (Ml)  and  converting  them  to  vehicle 
cone  indexes  (VCI),  or  minimum  soil  strength  required  for  50-pass  go-no  go,  for  current 
military  wheeled  and  tracked  vehicles  were  reported.  Subsequent  trafficability  tests 
with  vehicles  having  construction-equiprnent-type  tires  showed  that  the  computed  VCI  did 
not  agree  closely  with  test  results.  To  obtain  data  to  determine  whether  the  MI  for¬ 
mula  for  self-propelled  wheeled  vehicles  needed  modification,  field  tests  were  run  with 
small  vehicles  equipped  with  large,  high- flotation  tires,  very  large  vehicles  with  very 
heavy  wheel  loads,  and  a  few  conventional  vehicles.  Main  test  purposes  were  to  obtain 
data  to  determine  experimentally  50-pass  VCI  for  some  untested  vehicles  and  from  these 
and  other  test  results  develop  an  MI  formula  for  a  wide  range  of  vehicle  weights  and 
tire  sizes.  Although  only  l6  vehicles  were  tested,  VCI's  were  determined  for  20  vehi¬ 
cle  "types."  To  determine  if  VCI  prediction  could  be  improved,  a  statistical  analysis 
was  made  on  both  the  original  and  revised  MI  formulas  using  a  multiple  linear  regression 
technique./  General  conclusions  are  that  considerable  improvement  can  be  made  in  the 
original  formula  merely  by  using  the  multiple  regression  equation;  further  improvements 
can  be  made  by  using  the  revised  formula;  use  of  the  revised  multiple  regression  for¬ 
mula  provides  only  slight  improvement  over  use  of  the  revised  formula.  Thus,  it  is 
suggested  that  the  revised  formula  be  adopted.  Appendix  A  gives  the  original  and  re¬ 
vised  MI  formulas  and  compares  computed  VCI's  for  some  standard  and  experimental  vehi¬ 
cles  using  the  two  formulas.  Appendix  B  is  a  detailed  analysis  and  evaluation  of  the 
original  and  revised  MI  formula  factors  by  the  multiple  linear  regression  technique. 
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